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SUMMARY 

This r e p o r t  descr ibes  t y p i c a l  s c i e n t i f i c  measurement and 

instrument requirements f o r  Lunar O r b i t e r  Block 111 missions.  

These missions are planned f o r  t h e  per iod beyond 1972. The pur- 

I 

pose of the s tudy has been t o  organize information on remote 

sensing instrument requirements (excluding the metric camera), 

as an inpu t  t o  a subsequent and independent Phase A study.  The 

metr ic  camera has been ind ica t ed  where requi red  i n  t h i s  study, 

bu t  t he  s p e c i f i c a t i o n s  f o r  i t  have been undertaken by the  

L 

t 

Langley Research Center.  

I n  conducting t h i s  study, i t  w a s  necessary t o  take a 

broad approach and t o  cons ider  f i r s t  what measurements, both 

t o r b i t a l  and su r face ,  were necessary t o  completely answer the  

15 s c i e n t i f i c  ques t ions  about the moon, posed o r i g i n a l l y  by the  

Space Science Board (SSB 1965).  This approach w a s  taken as f a r  

as was necessary  t o  permit t h e  determination of which measure- 

ments could be  b e s t  made from a s p a c e c r a f t  i n  lunar  o r b i t ,  and 

those measurements b e s t  made on the  lunar  su r face .  Only the  

o r b i t a l  measurements were then considered f o r  determinat ion of 

the  d e t a i l e d  instrument and measurement requirements.  Thus, the  

s u r f a c e  instrument  requirements f o r  lunar  exp lo ra t ion  s p e c i f i -  

c a l l y  have been excluded from t h e  s tudy.  
1 1 1  R E S E A R C H  I N S T I T U T E  
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For o r b i t a l  missions,  a prel iminary assignment of s u i t -  

a b l e  types of instruments was made from a l i s t  of remote-sensing 

instrumentat ion which had been generated from the  l i t e r a t u r e .  

The f i n a l  phase of the study involved the d e r i v a t i o n  of a s e t  

of suggested measurement and instrument s p e c i f i c a t i o n s  f o r  a l l  

of the considered instruments.  The dec i s ion  process u t i l i z e d  

a t  each s t a g e  of the  s tudy has been t h a t  of consensus by a 

group of s c i e n t i s t s .  C lea r ly  the dec i s ions  are open t o  review 

and c r i t i c i s m  by the  s c i e n t i f i c  community. 

A t o t a l  of 30 s c i e n t i f i c  ques t ions ,  der ived from the 

o r i g i n a l  15 SSB ques t ions ,  have been considered i n  t h i s  study. 

Of these 30 ques t ions ,  o r b i t a l  mission measurements can c o n t r i -  

bute t o  answering 22.  However, only four  of the 22 o r b i t a l -  

r e l a t e d  ques t ions  could be c m q l e t e l y  answered by data taken 

from o r b i t a l  missions.  I n  making measurements from o r b i t  t h e r e  

a r e  s i x  bas ic  t y p e s  of measurement requirements which a r e  r e l a t e d  

t o  t h e  13 spacec ra f t  instruments  suggested f o r  cons ide ra t ion  i n  

planning Lunar O r b i t e r  Block 111 missions.  These measurement 

requirements , inst ruments ,  and instrument purposes , are shown 

i n  T a b l e  S1.  
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Table S 1  

MEASUREMENT / INSTRUMENTATION / P URP OS E 
RELATIONSHIPS FOR LOB I11 

Measurement LOB I11 
Requirements Instruments Instrument Purpose 

Geometric shape 1. Radar a l t i m e t e r  Spacecraf t  a l t i t u d e  

Chemical elemental  2 .  X-ray spec .  Elemental composition 
v a r i a t i o n  3 .  Sola r  X-ray So la r  X-ray monitoring 

monitor 
4 .  Vidicon Percentage shadowing 

camera ( i n  conjunct ion wi th  
X-ray spectrometer)  

(Surface measurements a r e  a l s o  necessary . )  

Material d i s t r i -  2 , 3 , 4  Same as above 
butionik 

imager 

trometer 

5. Mul t i spec t r a l  Rock u n i t  i d e n t i f i c a t i o n  

6 .  Vis-W spec- Rock s igna tu res  

7 .  I R  spectrometer Rock s igna tu res  
(Surface measurements are a l s o  necessary.  ) 

~ ~~~~ 

Active volcanism 8. I R  radiometer Volcanic temperature 
(3-10Ld d e t e c t i o n  

spectrum 
analyzer  

9. IR-Vis -UV gas Volcanic gas a n a l y s i s  

~ ~~ 

Tectonic  processes* 10 I R  radiometer Thermal mapping 

(Surface measurements a r e  a l s o  necessary.  ) 
( 8 - 2 8 d  

Atmospheric gases 11. Quadrupole Gas a n a l y s i s  
mass 
spectrometer 

su re  gauge 
1 2 .  Redhead p r e s -  Atmospheric pressure  

~ 

*Metric camera (photographic mapping) i s  necessary.  
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Report No. P-20 

SUGGESTED MEASUREMENT/INSTRUMENT REQUIREMENTS 
FOR LUNAR ORBITER BLOCK I11 

1. INTRODUC T I  ON 

The purpose of  the  s tudy has been t o  determine t y p i c a l  

s c i e n t i f i c  measurement and instrument requirements f o r  p o s t -  

Apol1.o luna r  o r b i t a l  missions.  The r e s u l t i n g  instrument  spec i -  

f i c a t i o n s  w e r e  t o  be used a s  an inpu t  t o  an independent Phase A 

Lunar O r b i t e r  Block I11 mission s tudy.  

I n  planning f o r  the exp lo ra t ion  of the moon, i t  i s  

necessary  f i r s t  of a l l  t o  de f ine  very c l e a r l y  the  s c i e n t i f i c  

goals  as w e l l  as the basic  ques t ions  which must b e  answered i n  

order  t o  accomplish these  goa ls .  An e x c e l l e n t  i n i t i a l  s ta tement  

d e f i n i n g  the  major s c i e n t i f i c  ob jec t ives  and key ques t ions  was 

made by t h e  Space Science Board during i t s  summer meeting a t  

Woods Hole, Massachusetts,  i n  1965 (SSB 1965) and by the  NASA 

working groups a t  the  Falmouth Conference (Falmouth 1965). These 

have been taken as the  bas i c  s c i e n t i f i c  ob jec t ives  f o r  the  s tudy 

and are presented i n  Appendix A. 

I I T  R E S E A R C H  I N S T I T U T E  
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I Since the  SSB meeting, however, the  lunar  ob jec t ives  

and ques t ions  have been the sub jec t  of much d iscuss ion ,  and 

a l s o  have been the basis f o r  s eve ra l  s t u d i e s  of lunar  explora-  

t i on .  Repeatedly, NASA has cautioned a g a i n s t  accept ing  these  

ob jec t ives  and ques t ions  as being e i t h e r  f ixed  o r  f i n a l ,  and 

has ind ica t ed  t h a t  they should b e  changed, i f  necessary,  t o  

provide f o r  a be t t e r  and more complete exp lo ra t ion  program. 

This philosophy has been followed here  i n  the f u r t h e r  i n t e r p r e -  

t a t i o n  of the  ques t ions  presented i n  Appendix B,. 

To accomplish the  p r i m a r y  s c i e n t i f i c  ob jec t ives  of l una r  

exp lo ra t ion ,  i t  w i l l  be  necessary t o  o b t a i n  measurements by 

means of o r b i t e r  and lander  spacec ra f t ,  i n  both unmanned and 

manned missions.  However, the  s c i e n t i s t s  who have been i n -  

v.olved i n  planning lunar  explora t ion ,  hzve stated t h a t ,  i n  the  

foreseeable  f u t u r e ,  l e s s  than 1 percent  of the moon's su r f ace  

w i l l  be  explored from lander  s p a c e c r a f t ,  Therefore, i t  i s  

necessary  t o  plan f o r  the  i n v e s t i g a t i o n  of most a r eas  of t he  

moon by means of o r b i t a l  spacec ra f t  missions ., 

O r b i t e r  missions a r e  l imi ted  somewhat, and should be 

considered p r i m a r i l y  as a mode f o r  t he  measurement o r  d e t e c t i o n  

of v a r i a t i o n s  i n  gross  p rope r t i e s ,  and f o r  lunar  reconnaissance.  

O r b i t e r  missions should n o t  be considered as a means f o r  the  

a c q u i s i t i o n  of abso lu t e  da t a  about the moon. Furthermore, a 

f a i r l y  l a r g e  amount of ground t r u t h  information w i l l  be  requi red  

i n  o rde r  t o  i n t e r p r e t ,  c o r r e l a t e ,  and e x t r a p o l a t e  the da t a  ob- 

t a i n e d  from o r b i t e r  missions. Three bas ic  t y p e s  of lunar  

I I T  R E S E A R C H  I N S T I T U T E  
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o r b i t e r  missions a r e  planned f o r  the remote i n v e s t i g a t i o n  of 

t he  moon. They are designated a s  Lunar O r b i t e r  Block I, 11, 

and 111. Each block w i l l  be  opera t iona l  i n  a d i f f e r e n t  t i m e  

frame (NASA 1966). 

LOB I missions a l r eady  have been success fu l ,  with addi -  

t i o n a l  f l i g h t s  planned through 1967. These photographic m i s -  

s i ons  are p r i n c i p a l l y  conducted f o r  the  purpose of s e l e c t i n g  

landing s i tes  f o r  the Apollo spacec ra f t .  A t  p resent ,  f i v e  

LOB I missions have been approved. It  i s  a n t i c i p a t e d  t h a t  a 

l a r g e  po r t ion  of the e q u a t o r i a l  region of t he  moon w i l l  have 

been photographed p r i o r  t o  the  Apollo f l i g h t  and landing on the  

moon e 

Prel iminary a n a l y s i s  of  the  photographs taken by LOB I 

have provided va luable  new information about the  moon. Some of 

t he  important d i scove r i e s  include: 

(1) The backside of the moon has l a r g e  f r a c t u r e  zones 
which are  n o t  comparable t o  those observed on the 
s i d e  which faces  the  Ear th .  

(2)  Volcanic f e a t u r e s  a r e  i n  abundant evidence. 

(3 )  Masswasting i s  i n  evidence. 

( 4 )  S m a l l  c r a t e r s  have been de tec t ed  i n  l a r g e  numbers 
wi th in  areas which formerly were thought t o  b e  
q u i t e  smooth. 

Lunar O r b i t e r  Block I1 missions a r e  scheduled t o  begin 

i n  1968, and w i l l  cont inue  u n t i l  1971. These missions w i l l  pro- 

v i d e  an  increased  payload c a p a b i l i t y  over LOB I, but w i th in  the 

same bas i c  s p a c e c r a f t  design.  The missions probably w i l l  extend 

I I T  R E S E A R C H  I N S T I T U T E  
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the  photographic coverage t o  s i t e s  of i n t e r e s t  a t  higher  a l t i -  

tudes,  and a l s o  may c a r r y  seve ra l  types of remote sensors .  The 

remote senso r s ,  i f  employed, w i l l  be  used p r imar i ly  i n  t e s t i n g  

t h e i r  a p p l i c a t i o n s  as w e l l  as t o  ga ther  prel iminary d a t a  about 

the luna r  su r face .  LOB I1 f l i g h t s  a r e  p re sen t ly  designated a s  

i nc l ined  o r b i t a l  missions wi th  the primary emphasis on mapping 

su r face  areas i n  support  o f  t he  follow-on SAA (Saturn Apollo 

Appl ica t ions)  su r face  missions.  

The t h i r d  category of o r b i t a l  missions p r e s e n t l y  pro- 

posed i s  t h e  Lunar O r b i t e r  Block 111, which i s  planned f o r  the 

per iod from 1972 onwards. These missions w i l l  b e  conducted i n  

an e f f o r t  t o  map a l a r g e  proport ion of the lunar  su r face  by the  

use of both photographic and remote sensing techniques.  A l l  

types of remote sensors  which have been t e s t e d  and determined 

t o  be a p p l i c a b l e  t o  lunar  explora t ion ,  probably w i l l  b e  u t i l i z e d  

during these  missions e 

This s tudy has provided s p e c i f i c a t i o n s  o€ remote sensing 

instruments  f o r  Lunar O r b i t e r  Block I11 missions.  Instrument 

d e s c r i p t i o n s  a r e  provided i n  Sect ion 2 and the  development of 

t he  measurement requirements i s  discussed i n  Sec t ion  3 .  

2 .  TYPICAL INSTRUMENT REQUIREMENTS 

The s c i e n t i f i c  base used t o  de r ive  the  Lunar O r b i t e r  

Block I11 inst rument  requirements a r e  the 30 ques t ions  expressed 

i n  t e r m s  of measurable q u a n t i t i e s  l i s t e d  i n  Table 1, and i n  

T a b l e  2 a r e  expressed the basic  r e l a t i o n s h i p s  between these  

q u e s t i o n s  and the  s p e c i f i e d  o r b i t e r  instruments .  The methods 

I I T  R E S E A R C H  I N S T I T U T E  
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Table  1 

SCIENTIFIC QUESTIONS EXPRESSED I N  TERMS OF MEASURABLES 

1. MASS DISTRIBUTION AND BODY DENSITY 

1.1 What i s  t h e  i n t e n s i t y  of  t h e  f i e l d  o f  g r a v i t y  about  
t h e  moon w i t h  r e s p e c t  t o  i t s  c e n t e r  of  mass? 

1 . 2  What a r e  t h e  depths  and shapes  of  major d i s c o n t i n u i t i e s  
w i t h i n  t h e  moon? 

1.3 What i s  t h e  r e l a t i v e  l o c a t i o n  and e l e v a t i o n  o f  a s p e c i -  
f i e d  number of  d i f f e r e n t  p o i n t s  on t h e  l u n a r  s u r f a c e ?  

1.4 What i s  t h e  mass d i s t r i b u t i o n  o f  t h e  moon i n  r e g a r d  t o  
i t s  shape ,  p r e s e n t  t i d a l  e f f e c t ,  and r i g i d i t y ?  

2 .  CHEMICAL AND PHYSICAL PROPERTIES OF SURFACE MATERIALS 

2 . 1  Do t h e  most abundant e lements  known on t h e  e a r t h  ( e . g . ,  
s i l i c o n ,  magnesium, oxygen, i r o n ,  e t c . )  vary  over  t h e  
l u n a r  s u r f a c e  on t h e  o r d e r  of +10 p e r c e n t  from mare t o  
mare, h ighland  t o  h igh land ,  from mare t o  h igh land ,  and 
r e g i o n a l l y  ( x  100 mi l e s )  w i t h i n  t h e s e  a r e a s ?  

2.2 I n  what pe rcen tages  a r e  t h e  most abundant e lements  (e.g. ,  
s i l i c o n ,  oxygen, magnesium, i r o n ,  e t c . ) p r e s e n t  on 
t h e  s u r f a c e  of t h e  Moon? 

2 .3  What i s  t h e  r e g i o n a l  d i s t r i b u t i o n  of  m a t e r i a l s  and r o c k  
t y p e s  on t h e  l u n a r  s u r f a c e  ( e .g . ,  l a v a ,  g r a n i t e ,  pyro- 
c l a s t i c  m a t e r i a l ,  e t c . ) ?  

3. PROCESSES OF THE MOON 

3.1 Is t h e r e  a t  l e a s t  one l o c a t i o n  on t h e  moon where t h e r e  
a r e  v o l c a n i c  g a s e s  and m a t e r i a l s  p r e s e n t l y  be ing  e x p e l l e d  
o r  which e x h i b i t  a tempera ture  anomaly s u f f i c i e n t l y  l a r g e  
t o  i n d i c a t e  p o s s i b l e  ac t ive  volcanism? 

t a b l e  a t  t h e  s u r f a c e  of t h e  moon? 
3 . 2  Are t h e r e  i n t e r n a l l y  gene ra t ed  s e i s m i c  v i b r a t i o n s  d e t e c -  

3.3 What a r e  t h e  tempera ture  g r a d i e n t s  ( h o r i z o n t a l  and v e r -  
t i c a l )  and thermal  c o n d u c t i v i t i e s ,  a s  a f u n c t i o n  of  
depth  below t h e  s u r f a c e ,  w i t h i n  t h e  maria and h igh lands?  

5 



3 . 4  Where on t h e  moon i s  t h e  c r u s t  now be ing  deformed a s  a 
r e s u l t  o f  t e c t o n i c  p rocesses  (volcanism,  quakes,  f o l d -  
i n g ,  subs idence  p rocesses ,  e t c . ) ?  

3 . 5  What a r e  t h e  p r i n c i p a l  denudat ion p r o c e s s e s  now a c t i n g  
on t h e  l u n a r  s u r f a c e ?  

3 . 6  Where a r e  each o f  t h e  t e c t o n i c  p rocesses  ( e . g . ,  volcanism,  
quakes,  f o l d i n g ,  e t c . )  now o c c u r r i n g  on t h e  Moon? To 
what e x t e n t ,  and w i t h  what i n t e n s i t y  are t h e y  o c c u r r i n g ?  

3 .7  

3 . 8  

3 . 9  

4 .  

4 . 1  

4 . 2  

4 . 3  

4 . 4  

4.5 

4 . 6  

4 . 7  

What gases  a r e  p r e s e n t  i n  t h e  l u n a r  atmosphere? I n  
what abundances a r e  t h e  p r i n c i p a l  ones p r e s e n t ?  

What a r e  t h e  i n t e r n a l  sou rces  of  h e a t  which produce h e a t  
f low ( e . g . ,  r a d i o a c t i v i t y ,  s t ress ,  ho t  c o r e ,  igneous 
a c t i v i t y ,  e t c . ) ?  

What i s  t h e  shape of t he  magnetic f i e l d  on and around 
t h e  moon, and how i s  i t  r e l a t e d  t o  t h e  i n t e r p l a n e t a r y  
f i e l d ?  

HISTORY OF EVENTS 

A t  t h e  l u n a r  s u r f a c e  what age p e r i o d s  a r e  r e p r e s e n t e d  
by t h e  rock  u n i t s  ( s t r a t i g r a p h i c  column)? 

I n  samples of  t h e  lunar  s u r f a c e  what magnetic f i e l d s  a r e  
d e t e c t a b l e ?  

A r e  t h e r e  compounds on t h e  l u n a r  s u r f a c e  which are i n d i c a -  
tors of  a b i o l o g i c a l  e v o l u t i o n  ( e . g . ,  ammonia, water ,  
amino a c i d s ,  p r o t e i n s ,  e t c . ) ?  

A r e  t h e r e  l i v i n g  organisms p r e s e n t  on o r  beneath t h e  
l u n a r  s u r f a c e ?  

A r e  t h e  l and  masses (e .g . ,  maria  and h igh lands )  on t h e  
back s i d e  of  t h e  moon d i f f e r e n t  i n  appearance ,  d i s t r i -  
b u t i o n  and e l e v a t i o n  a s  compared t o  those  on t h e  sub -Ear th  
face which might i n d i c a t e  t h a t  t h e  two s i d e s  may have 
d i f f e r e n t  h i s  t o r  i e  s ? 

What p r i n c i p a l  processes  a r e  r e s p o n s i b l e  f o r  t h e  p r e s e n t  
r e l i e f  of  t h e  luna r  s u r f a c e  ( e . g . ,  vo lcanism,  impact ing ,  
f o l d i n g ,  f a u l t i n g ,  denudat ion ,  e t c . ) ?  

What i s  t h e  b e s t  e s t i m a t e  o f  t h e  moon's age based on 
t h e  d a t i n g  o f  m a t e r i a l s ?  
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4 . 8  Does t h e  o l d e s t  exposed rock  u n i t  on t h e  l u n a r  s u r f a c e  
r e p r e s e n t  material  which was formed dur ing  t h e  i n i t i a l  
format ion  o r  c o o l i n g  of  t h e  moon? 

4.9 What has  been t h e  dynamical i n t e r a c t i o n  between t h e  
moon and E a r t h y d u r i n g  and subsequent  t o  t h e i r  fo rma t ion ,  
a s  determined from t i d a l  g r a v i t y ,  d e n s i t y  d i s t r i b u t i o n ,  
d e p a r t u r e  from f l u i d  equ i l ib r ium,  and l i b r a t i o n s ?  

4.10 Do s t r a t i g r a p h i c  u n i t s ,  s t r u c t u r a l  f e a t u r e s ,  and h e a t  
f low of t h e  moon i n d i c a t e  whether  i t  i s  h e a t i n g  up o r  
c o o l i n g  down? 

f a u l t i n g ,  e t c . ) ,  v a r i e d  i n  l o c a t i o n  and a c t i v i t y  du r ing  
t h e  p a s t  a s  de te rmined  from s t r u c t u r a l ,  t opograph ic ,  and 
s t r a t i g r a p h i c  r e l a t i o n s h i p s ,  and t h e  p r e s e n t  t e c t o n i c  
p a t t e r n ?  

a c t i v i t y  du r ing  any pe r iod  o f  l u n a r  geo log ic  t i m e ,  a s  
determined by s t r a t i g r a p h i c  u n i t s  and s t r u c t u r a l  
f e a t u r e s  ? 

4.11 How have l u n a r  t e c t o n i c  p rocesses  (volcanism,  f o l d i n g ,  

4 .12 What has  been t h e  l o c a t i o n  and magnitude of v o l c a n i c  

4 . 1 3  How has  t h e  number of impact c ra te rs  v a r i e d  w i t h  geo- 
l o g i c  time a s  determined from c r a t e r  appearance  and t h e  
r e l a t i o n s h i p  between fo re ign  ( m e t e o r i t i c )  and ind igenous  
( l u n a r  s u r f a c e )  m a t e r i a l s ?  

4.14 What ev idence  i s  t h e r e  on t h e  moon of t h e  i n f l u x  o f  
r a d i a t i o n  from o u t e r  space  i n  t h e  p a s t ?  
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by which the o r i g i n a l  ques t ions  were i n t e r p r e t e d  and by which 

these  r e l a t i o n s h i p s  w e r e  der ived can be examined i n  d e t a i l  i n  

Sec t ion  3 and Appendix B . ,  

There a r e  22 ques t ions  f o r  which d a t a  can be obtained 

from luna r  o r b i t e r  instruments .  One o the r  ques t ion  which i s  

a p p l i c a b l e  t o  lunar  o r b i t e r  missions does n o t  r equ i r e  s p e c i f i c  

instrumentat ion,  but  r a t h e r  spacec ra f t  tracking.. 

A t o t a l  of 12 instruments p lus  a metr ic  camera (which 

i s  being considered i n  a separa te ,  p a r a l l e l  s tudy a t  NASA- 

Langley) have been s p e c i f i e d  f o r  ob ta in ing  the  necessary measure- 

ments from o r b i t a l  missions.  The instruments  s p e c i f i e d  i n  the  

r e p o r t  are considered t o  b e  adequate, i n  conjunct ion wi th  su r -  

face  measurements, f o r  the  a c q u i s i t i o n  of remotely-sensed d a t a  

p e r t i n e n t  t o  23 of the  30 ques t ions .  The remaining seven ques- 

t i o n s  r e q u i r e  d a t a  ob ta inab le  only from the  lunar  sur face .  

There are s i x  bas ic  measurement requirements which 

u t i l i z e  the  12 s p e c i f i e d  o r b i t a l  instruments  (plus  metric camera). 

They are:  

(1) Geometric shape 
( 2 )  Chemical element v a r i a t i o n  
( 3 )  Material d i s t r i b u t i o n  
( 4 )  Active volcanism 
(5) Tectonic processes  
(6)  Atmospheric gases 

A t  the  p re sen t  t i m e ,  the performance of many of the 

inc luded  instruments  have n o t  been conclus ive ly  demonstrated. 

Thus, t h e  conclusions reached about these instruments  may be  

I I T  R E S E A R C H  I N S T I T U T E  
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somewhat o p t i m i s t i c  Three instruments which he re to fo re  have 

been recommended f o r  lunar  o r b i t e r  missions - the  r ada r  imager, 

microwave spectrometer ,  and gamma r a y  spectrometer - have n o t  

been included,  I t  i s  believed t h a t  the  r ada r  imager does n o t  

provide s u f f i c i e n t  pene t r a t ion  t o  determine the near -sur face  

lunar  s t r u c  t u r e  ; the  microwave spectrometer does n o t  provide 

adequate subsurface temperature d iscr imina t ion  i n  o rde r  t o  

determine hea t  flow; and the  gamma ray  spectrometer i s  n o t  con- 

s ide red  unambiguous enough t o  give r e l i a b l e  i d e n t i f i c a t i o n  of 

the  chemical elements,  These judgments a r e  open t o  review and 

c r i t i c i s m  and have been made only t o  prevent  redundancy i n  the  

suggested instrument  payload, Clear ly  these  instruments  should 

be c a r r i e d  i f  they can be  accommodated, 

The re ference  numbers a t  the  top  of Table 2 ccrrespond 

t o  the  instruments  l i s t e d  i n  T a b l e  3 ,  Fable 3 g ives  a more 

d e t a i l e d  d e s c r i p t i o n  of t he  instrument and measurement r equ i r e -  

ments which are necessary t o  c a r r y  o u t  what i s  considered a 

minimum program f o r  acqui r ing  data  from 1,OB Z T I  missions,  These 

same s p e c i f i c a t i o n s  i n  Table 3 ,  a l s o  are given a t  the  end of 

Sec t ion  3 i n  T a b l e s  5 through 1 7 ,  There, the instruments  are 

presented  separately f o r  re ference ,  wi th  a d d i t i o n a l  remarks 

about t h e i r  a p p l i c a b i l i t y ,  

3 ,  LUNAR EXPLORATION MEASUREMENT REQUIREMENTS 

A s  s t a t e d  previously,  and as presented i n  Appendix A, 

the  o r i g i n a l  15 SSB s c i e n t i f i c  ques t ions  were r e s t a t e d  as 30 

s ingle-purpose o b j e c t i v e s ,  I t  was then necessary t o  take each 

I I T  R E S E A R C H  I N S T I T U T E  
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TABLE 3 
SUMMARY OF SI 

LUNAR ORBITER BLOCK 

Meaa. I n t e r v a l  Data B i t s  
(' i n  l e t .  6 No. o f  Data Per Tota l  No. Ort 

Instrument Purpose long. ) Meas. Format Measurement of B i t s  c - 
1. Radar Altimeter S acccraf t  N/A 25 lOcm - Generator of l O c m  s i g n a l s  3 5,000 Video 150 7.5 105 lor 

A r t  i t u d e  Pulses 

2. X-Ray Elemental Vert. D D Suscept ib le  t o  nuc lear  5 2,000 D i g i t a l  300 6 x lo5 h 
Spectrometer Composition 230' 100 .7-12A .U i n t e r f e r e n c e  

2,000 D i g i t a l  1.6 lo4 L,.. 8 3. Solar X-Ray Solar  X-Ray NIA N/A .7-12A - Suscept ib le  t o  nuclear N/A 
Monitor Monitoring i n t e r f e r e n c e  

4. Vidicon Camera Percentage Vert. 2500 V i s i b l e  - None 5 2,000 Video lo5 2 lo8  or 
Shadwinn +30* Analon 

5 .  Multispectral  Rock Unit Vert .  1600 .4-13v - Radiation from S I C .  10 500 Analog 4 105 2 lo8 L D ~  

6 .  VIS-W Rock Vert. 80  i w u -  1% i t e f k i t s d  insolarion 10 500 Analog 105 5 lo7 lor 

1lMger I d e n t i f i c a t i o n  230' Reflected i n s o l a t i o n .  Current 

.--- 
Spectrometer Signatures +30' 6000A Current 

7. I R  Rock Vert .  80 8-13u .lw Radiation from S I C .  10 500 Analog lo4 5 lo6 
Spectrometer Signatures 230' Ref lec ted  inso la t ion .  Current 

8. IR Radiometer Volcsnic Temp. N I A  2.3 3-1Ou. - Ref lec ted  i n s o l e t i o n  1 meeslsec - Analog 10 Nominal h 
(3-LOv) Detection S/C emissions (chopped) 

Nominal low - Dc Analog 10 9. IR-VIS-W Cas volcanic Gas Vert. 114 x 1' .29-61u - SIC gaseous emissions. 1 measlsec 
Spectrum Analyzer Analysis 260' FOV Ref lec ted  insolation. - 

10. I R  Radiometer Thermal Zero 100 8-28U - Ref lec ted  inso la t ion .  1 6 x lo4 Analog 10 6 x lo5 tau 
(8-28u) Mapping S I C  emissions.  (chopped) 

2. 6x105 6.5.10~ 
11. W d r u p o l e  Mass Ges Analysis N/A N/A 1-SOAMU lAMT SIC gaseous emissions 1 spec/lO sec month Analog 250 H i g  

Spectrometer 

1 . 3 ~ 1 0 ~  
12. Redhead Pressure Atmospheric N I A  N/A N/A N / A  SIC gaseous emissions 1 meas1100 sec  month Analog 5 1 . 3 ~ 1 0 ~  month Hig Gauge Pressure 
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IGGESTED 
In INSTRUMENTATION 

lit Peri lune of Inc l .  of Pointing Point ing time Weight Power Volu e Development nust 

I 

R h r y  Other g u e a t i m  Maximum Minimum Life- Qzestion Which U t i l i z e s  

Orbi t  (km) Orbit  ( v e r t i c a l )  Accuracy (days) ( lb s . )  (wat ts)  ( f t . ? )  S t a t u  Grouping8 A n m r e d  Data 

200 45' +5 5112' 14 65 117 2 Within S ta t e  of  None 1.3 1.4, 4.9 
the A r t  

100 459 55 - +112= 28 18 2 1 Now bein 
develop! 

2.1 2.2, 2.3, 4.1. 4.6, 4.7. 4.8, 
4.10. 4.11, 4.12, 4.13, 4.14 2.3 .4  

1 2.1 SAC3 As No. 2 100 45" A t  Sun N I A  N I A  11 1 Within S ta t e  of 2.3.4 
the  Art 

100 450 +S* t112- 28 10 10 1 300-800 l i n e  ays- 2.3.4 2.1 S M  AS NO. 2 
tems have flown 

2.3 4 1  4 6  4 7  4 8  410 .  
4 : d .  i.i2,-4:13: &.li 100 60' t 5 '  +112. 28 ao 13 2 Now king AIC 5 . 6 . 7  

flown 

I 
2 Within S t a t e  of 5,6,7 2.3 s m r s n o .  5 

2.3 sm~sa. 5 

100 60' 55' 5112" 28 20 10 
the A r t  

60' 55' +112* 28 60 55 4 AIC Wdela have 5.6.7 
flom 

200 45. 25' +1/2' N I A  25 12 1.5 A I C  Models have 8.9 3.1 None 
€lam 

45. 25 ~ 1 1 2 ~  28 35 15 1.2 Laboratory Wodels 8.9 3.1 None 
B u i l t  

I 3.4 3.6 3.8 4.6 ,  4.10, 4.11 100 60' 25 51/20 28 50 30 3 A I C  llodels have None 
4.11, 4.13. flown , 

b As low as 45' Direct ion 2112' N I A  12 10 1 A I C  mdel s  have None 3.7 None 
possible  of motion flown 

h As low as * 5 *  h n i -  N I A  28 5 1 1 Within S ta t e  of None 3.7 None 
possible  d i r e c t i o n a l  t he  A r t  



I 
I of iliese ob jec t ives  and t o  def ine t h e i r  purpose and i n t e r p r e t  

I a l l  the terms i n  the sense i n  which they were being used, I n  
I the  l i g h t  of t h i s  i n t e r p r e t a t i o n  i t  w a s  then poss ib l e  t o  express  

each ques t ion  i n  terms of  measurable q u a n t i t i e s ,  and thus pro- 

v ide  a basis f o r  the determinat ion of spacec ra f t  measurements e 

t 

The r e s u l t s  of t h i s  procedure a re  presented i n  d e t a i l  f o r  each 

of the  ques t ions  i n  Appendix B o  

3 , 1  Measurement S p ec i f  i c  a t i o n s  

In  T a b l e  4 i s  a summary of t he  measurement and i n s t r u -  

ment requirements f o r  the ind iv idua l  ques t ions  e The re ference  

numbers i n  the r i g h t  column r e f e r  t o  the Lunar O r b i t e r  Block 111 

inst ruments  which are presented ind iv idua l ly  f o r  r e fe rence ,  i n  

Tables 5 through 1 7 ,  Although metric mapping has been designated 

among the  measurements, the de r iva t ion  o f  the metr ic  camera 

s p e c i f i c a t i o n s  has  been s p e c i f i c a l l y  excluded from t h i s  s tudyo 

The procedure t h a t  was followed f o r  des igna t ing  the 

measurement requirements was by round t a b l e  d i scuss ion  and con- 

sensus of  a group comprised of f i v e  s c i e n t i s t ,  I n  no case  w a s  

a consensus e a s i l y  e s t ab l i shed ,  and many hours of d i scuss ion  

were involved before  dec i s ions  were made, This same group was 

r e spons ib l e  f o r  des igna t ing  the  s p e c i f i c a t i o n s  f o r  the requi red  

Lunar O r b i t e r  Block 111 instruments covered i n  Sec t ion  3,2. I t  

w a s  assumed t h a t  spacec ra f t  t rack ing  would p e r m i t  the  l o c a t i o n  

of  t he  s p a c e c r a f t  t o  be determined a t  a l l  times throughout a 

m i s s  i o n  

I I T  R E S E A R C H  I N S T I T U T E  
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3.2  In s  tmment Spec i f i ca t ions  

The l a s t  phase of the study requi red  t h a t  the Lunar 

O r b i t e r  Block III instrument requirements be s p e c i f i e d  i n  as 

much d e t a i l  as poss ib l e ,  However, as these  s p e c i f i c a t i o n s  were 

being generated,  i t  became very  d i f f i c u l t  t o  avoid making some 

dec i s ions  which proper ly  should be p a r t  of the Phase A s tudyo  

For ins tance ,  a l though some instruments seem t o  f a l l  i n t o  an 

automatic s c i e n t i f i c  grouping (as f o r  example, instruments f o r  

remote chemical and remote mineralogical  a n a l y s i s ) ,  i t  i s  n o t  

j u s t i f i a b l e  t o  group them i n t o  a s i n g l e  package, Such group- 

ings  must be  determined by the  data handling and t ransmission 

problems, weight, po in t ing ,  e t c , ,  as we l l  as the s c i e n t i f i c  ob- 

j e c t i v e s ,  

h the o t h e r  handj i t  has been imperative t h a t  c e r t a i n  

instruments  be flown and operated together,)  i f  any usefu l  pur- 

pose i s  t o  b e  se rved ,  The three  cases  where t h i s  has been found 

t o  a p p l y  are: 

The X-ray spectrometer,  the X-ray s o l a r  monitor, 
and the  vidicon camera must f l y  toge ther  f o r  t h e  
determinat ion o f  elemental  abundances 

The m u l t i s p e c t r a l  imager3 the I R  spectrometer ,  
the v i s / W  spectrometer must f l y  toge ther  f o r  
i d e n t i f y i n g  rock t y p e s  

The threshold gas ana lyzer  and the  threshold I R  
radiometer must f l y  toge ther  f o r  the  d e t e c t i o n  of 
a c t i v e  volcanism. 

I I T  R E S E A R C H  I N S T I T U T E  
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I n  order  t o  minimize the conceptual design dec i s ions  

which might creep i n t o  the instrument s p e c i f i c a t i o n s ,  no pay- 

load groupings have been attempted except where they a r e  sc i en -  

t i f i c a l l y  e s s e n t i a l ,  as noted above, The philosophy has been 

adopted t h a t  Block 111 o r b i t e r s  should be designed t o  accomplish 

- a l l  of the app l i cab le  ques t ions  f o r  lunar  exp lo ra t ion ,  There- 

f o r e ,  a l l  of the  measurement requirements have been developed 

independently,  and the de r iva t ion  of the  most s u i t a b l e  payload 

groupings has been proper ly  deferred f o r  t he  Phase A study.  

The mechanism used f o r  determining the instrument 

s p e c i f i c a t i o n s  was by the  consensus of a group of f i v e  sc i en -  

t i s t ; ,  A s  the f i r s t  s t e p ,  a l i s t  w a s  made of  a l l  instruments ,  

wi th  s p e c i f i c a t i o n s ,  which could b e  gleaned frcm the l i t e r a t u r e ,  

I l lumina t ion  

L i m i t s  are e s t a b l i s h e d  €or  t h e  d i r e c t i o n  of i l l umina t ion ,  
with r e s p e c t  t o  the  subsolar  p o i n t ,  The major i l lumin-  
a t i o n  c o n s t r a i n t  f o r  remote sensing i s  provis ion  of ade- 
qua te  i n s o l a t i o n  t o  e x c i t e  a high percentage of t he  su r -  
face  area, 

Ground Coverage 

This i s  s p e c i f i e d  as a f i e l d  of view and r e s o l u t i o n  
coverage on the  lunar  sur face  The requi red  ins t rumenta l  
angular  f i e l d  of view and r e s o l u t i o n  w i l l  then depend 
on the  a l t i t u d e  of the  spacec ra f t ,  Ln genera l ,  the  re- 
qu i r ed  ground coverage i s  n o t  too c r i t i c a l .  

I l T  R E S E A R C H  I N S T I T U T E  
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S p e c t r a l  Range and Resolution 

These ranges are provided where necessary,  on a sc i en -  
t i f i c  basis,  The d a t a  requirements have n o t  gene ra l ly  
been allowed t o  cons t ra in  these  s p e c t r a l  s p e c i f i c a t i o n s .  

Measurement I n t e r v a l  

This refers t o  the lunar  l a t i t u d e s  and longi tudes  a t  
which measurements are required,  Ln many cases a 
measurement g r i d  has been s p e c i f i e d  over the e n t i r e  
lunar  su r face ,  

Number of Measurements 

This i s  the  t o t a l  number of measurements a s  der ived  
from the  above i n t e r v a l  requirements,  In  a l l  ca ses ,  i t  
r ep resen t s  the minimum number which can f u l f i l l  the  
o b j e c t i v e s ,  No contingency has been allowed f o r  imper- 
f e c t  measurements. 

Wherever poss ib l e ,  no d a t a  handling OK recording equip- 
ment has been included with the instrument ,  This i s  t o  
a l low the Phase A cons idera t ions  t o  be f r e e l y  appl ied ,  
The instrument weight as  given below provides only f o r  
t he  s t a t e d  output  d a t a  format, 

B i t s  Per Measure,ment 

These are der ived on the b a s i s  of the requi red  ground 
coverage, r e s o l u t i o n ,  t h e  s p e c t r a l  range, and r e s o l u t i o n ,  

To ta l  B i t s  

For each instrument,  the minimum t o t a l  b i t s  are s p e c i f i e d  
as t h e  product of t h e  minimum number of measurements and 
the b i t s  p e r  measurement, No contingency i s  allowed. 
Considerat ion has been given t o  the s c i e n t i f i c  r equ i r e -  
ment f o r  d a t a  f i lm  r e t u r n  t o  the Ear th ,  I n  no case 
could a s c i e n t i f i c  requirement be c l e a r l y  i s o l a t e d .  
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I 

O r b i t a l  Parameters 

The s p e c i f i e d  o r b i t a l  parameters are l imi t ed  t o  eccen- 
t r i c i t y ,  pe r i lune ,  and i n c l i n a t i o n .  I n  genera l ,  c i r c u l a r  
o r b i t s  a r e  p re fe r r ed  but  are n o t  e s s e n t i a l .  
the  pe r i lune  should b e  as low a s  poss ib l e ,  and polar  
o r b i t s  are p re fe r r ed ,  

S imi l a r ly ,  

Poin t ing  

The d i r e c t i o n  and accuracy of the po in t ing  requirements 
are s p e c i f i e d  f o r  each instrument,  Due t o  the  genera l  
l a rge - sca l e  su rve i l l ance  ob jec t ives  of Lunar O r b i t e r  
Block 111, the  po in t ing  requirements a r e  n o t  s t r i n g e n t .  

L i f e  t i m e  

This i s  the minimum l i f e t i m e  which w i l l  be  requi red  f o r  
the  s p a c e c r a f t  t o  provide the  s t a t e d  number of measure- 
ments under the appropr ia te  l i g h t i n g  condi t ions  * No 
contingency has been allowed. 

I n t e r f e r e n c e  

A note  i s  made of any in t e r f e rence  t o  which the  i n s t r u -  
ment i s  s u s c e p t i b l e ,  o r  which i t  genera tes .  

Weight, Power, and Volume 

These phys ica l  s p e c i f i c a t i o n s  are ” b e s t  guesses’’ f o r  
instruments  meeting a l l  of the above s p e c i f i c a t i o n s  

Development S t a t u s  

It i s  expected t h a t  a l l  of the instruments  l i s t e d  i n  
t h i s  r e p o r t  w i l l  be  a v a i l a b l e  f o r  Lunar O r b i t e r  Block 111 
missions,  The instruments which have been included with 
most r e s e r v a t i o n s ,  a r e  those which are t o  provide IR, 
v i s i b l e ,  and UV s igna tu res  of rock types.  
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4.  CONCLUSIONS 

One of the  conclusions derived from t h i s  study i s  t h a t  

o r b i t a l  measurements w i l l  provide u s e f u l  d a t a  i n  helping t o  

answer some ques t ions  about the  moon; f o r  a s s i s t i n g  i n  mapping 

the lunar  su r face ;  and poss ib ly ,  t o  a l imi t ed  ex ten t ,  mapping 

the subsurface.  Also, i t  appears reasonable  t o  judge t h a t ,  f o r  

the  most p a r t ,  the  o r b i t a l  d a t a  w i l l  b e  l imi t ed  t o  reconnaissance 

( i . e e ,  l o c a t i n g  s u i t a b l e  landing s i t e s  as w e l l  a s  i n t e r e s t i n g  

su r face  a r e a s  f o r  i n v e s t i g a t i o n ) ,  and f o r  ob ta in ing  gross  d a t a  

t o  f a c i l i t a t e  the  ex t r apo la t ion  and c o r r e l a t i o n  of su r face  da t a  

from one su r face  a r e a  t o  another.  

Consequently, the o r b i t a l  d a t a  i s  considered t o  be  p r i -  

n a r i l y  supplementary t o  su r face  data. 

a t i o n  ques t ions  only can b e  f u l l y  answered by ex tens ive  su r face  

explora t ion .  However, s i n c e  su r face  missions are n o t  l i k e l y  t o  

be numerous o r  ex tens ive  enough i n  scope t o  g ive  adequate cover- 

age of the sur face ,  a combination of the two t y p e s  of missions - 
o r b i t a l  and sur face-  i s  e s s e n t i a l  t o  provide an optimum program 

of l u n a r  explora t ion .  

Most of t he  lunar  explor-  

This s tudy has shown s p e c i f i c  a p p l i c a t i o n s  f o r  remote 

sens ing  instruments  which w i l l  b e  compatible with Block 111 t y p e  

missions.  These instruments have been s p e c i f i e d  i n  s u f f i c i e n t  

d e t a i l  t o  be used a s  a d i r e c t  input  t o  a Phase A mission study. 

The r e l a t i o n s h i p  between the measurements and instruments i s  

summarized i n  T a b l e  18. 
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Appendix A 

BASIC LUNAR SCIENTIFIC QUESTIONS 

The 15 s c i e n t i f i c  quest ions of  lunar  exp lo ra t ion  posed 

These have been used as the  by the  SSB are given i n  Table A l .  

s t a r t i n g  po in t  f o r  the  c u r r e n t  study. 

under the  following o r i g i n a l  th ree  c a t e g o r i e s  : 

The ques t ions  are grouped 

(1) S t r u c t u r e  and Processes of the  Lunar I n t e r i o r  

(2) Composition, S t ruc tu re ,  and Processes of the 
Lunar Surface,  and 

( 3 )  History of the  Moon. 

For the  purpose of t h i s  s tudy,  these  o r i g i n a l  ques t ions  

have been subdivided i n t o  30 single-purpose ques t ions ,  and re- 

grouped under fou r  new ca tegor i e s .  

more l o g i c a l  order ing  f o r  the  planning of l una r  explora t ion .  

The fou r  new ca tegor i e s  are: 

This arrangement provides a 

(1) 

(2) 

Mass D i s t r i b u t i o n  and Body Densi ty  of the  Moon 

Chemical and Physical  P r o p e r t i e s  of Lunar Surface 
Materia Is 

(3)  Processes of t h e  Moon 

( 4 )  His tory  of Lunar Events. 
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These ca t egor i e s  and the  s c i e n t i f i c  ques t ions  wi th in  

each category have been l i s t e d  i n  Table A2,  but the l i s t  does 

n o t  imply a rank order  of importance o r  p r i o r i t y  f o r  i nves t iga -  

t i on  of the  s c i e n t i f i c  ques t ions ,  
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Table A2 

SINGLE PURPOSE SSB QUESTIONS 

Reference 
Page No. 

1. MASS DISTRIBUTION AND BODY DENSITY 

1.1 Is  the i n t e r n a l  s t r u c t u r e  of the moon 
r a d i c a l l y  symmetrical? 

moon? 
1 . 2  What i s  the  i n t e r n a l  s t r u c t u r e  of the  

1 .3  What i s  the geometric shape of the  moon? 

1.4 How does the  moon's shape depa r t  from 
f l u i d  equi l ibr ium? 

2 .  CHEMICAL AND PHYSICAL PROPERTIES OF SURFACE 
MATERIALS 

51 

52 

53 

54 

2 . 1  How does the composition of the  luna r  
su r face  vary from place t o  place? 55 

2.2 What i s  the  average composition of  the 
rocks on the  lunar  sur face?  56 

2.3 A r e  vo lcanic  rocks present  on the lunar  
su r face?  58 

3. INTERNAL ENERGY OF THE MOON 

3 . 1  I s  the re  a c t i v e  volcanism on the moon? 60 

3 .2  Is the moon se i smica l ly  a c t i v e ?  61  

3.3 What i s  the  present  heat  flow a t  t he  
luna r  su r face?  62 

3.4 What i s  the  p re sen t  t ec ton ic  p a t t e r n ?  63 

3.5 What are the  dominant processes  of e ros ion ,  
t r a n s p o r t ,  and depos i t ion  of material on 
the  luna r  su r face?  65 

3.6 What i s  the d i s t r i b u t i o n  of t e c t o n i c  
a c t i v i t y ?  67 
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Table A2 (Cont'd) 

Reference 
Page No. 

3.7 What v o l a t i l e  substances are p resen t  on o r  
near  the sur face  of the moon o r  i n  t h e  
t r a n s i t o r y  lunar  atmosphere? 6 9  

3 .8  What a r e  the  sources  of the  hea t  which pro- 
duce hea t  flow? 70 

3.9 Does the moon have an  i n t e r n a l l y  produced 
magnetic f i e l d ?  71 

4 .  HISTORY OF EVENTS 

4.1 What i s  the range of  age of the  s t r a t i -  
graphic  u n i t s  on the  lunar  sur face?  7 2  

4.2 What p a s t  magnetic f i e l d s  are recorded 
i n  the  rocks a t  the  moon's sur face?  74 

4.3 I s  the re  evidence of  organic  o r  proto-  
organic material on o r  near  the lunar  
s u r f  ace? 7 5  

4.4 A r e  t he re  l i v i n g  organisms p resen t  on o r  
beneath the lunar  sur face?  76 

4.5 Is the re  a fundamental d i f f e r e n c e  i n  mor- 
phology and h i s t o r y  between the sub-Earth 
and ave r t ed  f aces  of the  moon? 77 

4.6 What are t h e  p r i n c i p a l  processes responsi-  
b l e  f o r  the  p re sen t  r e l i e f  of the  lunar  
s u r f  ace? 78 

4.7 What i s  the age of t h e  moon? 80 

4.8 Is a pr imordial  sur face  exposed on the  
lunar  s u r  face? 8 1  

4.9 What i s  the  h i s t o r y  of dynamical i n t e r a c -  
t i o n  between the  Earth and the moon? 82 

4.10 What i s  the thermal h i s t o r y  of the  moon? 83 

4.11 What has been the  d i s t r i b u t i o n  of t ec ton ic  
a c t i v i t y ?  85 
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Table A2 (Cont'd) 

Reference 
Page No. 

4 . 1 2  What has been the  d i s t r i b u t i o n  of vo lcanic  
a c t i v i t y ?  87 

4 . 1 3  What has been the  flux of s o l i d  ob jec t s  
s t r i k i n g  the  lunar  sur face  i n  the  p a s t  and 
how has i t  va r i ed  with time? 89 

4 . 1 4  What has been the  flux of cosmic r a d i a t i o n  
and high-energy s o l a r  r a d i a t i o n  over the 
h i s t o r y  of the  moon? 91 
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Appendix B 

DEVELOPMENT OF MEASUREMENT REQUIREMENTS 

I n  t h i s  s tudy each of these 30 s i n g l e  ques t ions  l i s t e d  

i n  Appendix A i n  tu rn  have been r e s t a t e d  i n  r e l a t i o n  t o  the  

measurements t h a t  must be  made of t h e  moon. The key measurement 

parameters and techniques have been developed, and an assessment 

has been made as t o  whether the  techniques are b e s t  s u i t e d  t o  

o r b i t a l  o r  su r f ace  explora t ion ,  o r  both. The development of 

the  measurement requirements i s  provided i n  d e t a i l  f o r  each 

ques t ion  i n  the  fol lowing pages. 
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Question 1.1 

SSB QUESTION 

I s  the  i n t e r n a l  s t r u c t u r e  of the  moon r a d i a l l y  symmetric? 

Purpose of Ques t ion  

To g ive  information on the  moon's i n t e r i o r  and development, 
and t o  lead t o  a bet ter  understanding of the  o r i g i n  of 
the  moon. 

Ques t ion  Considered i n  Terms of Measurable Q u a n t i t i e s  

What i s  the i n t e n s i t y  of the g r a v i t a t i o n a l  f i e l d  about 
the  moon wi th  r e s p e c t  t o  i t s  c e n t e r  of mass? 

Def in i t i on  of Terms 

I n t e r n a l  S t r u c t u r e  - Material  changes wi th in  the  moon 
below the  d is turbed  near -sur face  region,  which separ-  
a tes  the i n t e r i o r  i n t o  d i s t i n c t  major rock u n i t s  such 
as a core ,  mantle, and c r u s t .  

Radia l ly  Symmetric - Uniform d i s t r i b u t i o n  of ma te r i a l s  
about the  c e n t e r  of mass. 

Measurement Requirements 
Measurement Technique of O r b i t  o r  Instrument 
Parameters Measurements Instruments Surface Ref. N o . 9 ~  
Gravi ta -  Tracking s a t e l l i t e  N/A 0 None 
t i o n a l  f i e l d  pe r tu rba t ions  

0 S a t e l l i t e  t racking  with DSN** with c u r r e n t  accuracy 
c a p a b i l i t y  
Several high i n c l i n a t i o n s  o r  one po la r  o r b i t  requi red  
f o r  be t t e r  than seventy percent  coverage. 

measurement accuracy consis  t e n t  w i th  des i r ed  r e s u l t s .  

t r ack ing  s t a t i o n s .  

Sa t e l l i t e  l i f e t i m e  of s eve ra l  months i s  requi red  f o r  

a The t racking  i s  assumed t o  b e  accomplished by Ear th  

>\Instrument re ference  numbers r e f e r  t o  the l i s t i n g s  i n  Tables 2 ,  
3 ,  and 5 through 1 7 .  

*+;Deep Space  Network. 
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Question 1 . 2  

SSB QUESTION 

What i s  the i n t e r n a l  s t r u c t u r e  of t he  moon? 

Purpose of Ques t ion  

A knowledge of the i n t e r n a l  s t r u c t u r e  ( p a r t i c u l a r l y  the 
co re )  i s  of primary importance f o r  understanding i t s  e a r l y  
evolu t ionary  development and i t s  r e l a t i o n  t o  the Earth.  

Ques t ion  Considered i n  Terms of Measurable Q u a n t i t i e s  

What are the  depths and shapes of major d i s c o n t i n u i t i e s  
w i th in  the  moon? 

Def in i t i on  of T e r m s  

I n t e r n a l  S t r u c t u r e  - See Question 1.1 f o r  d e f i n i t i o n  

Major Rock Units - A rock u n i t  which i s  e s s e n t i a l l y  
uniform i n  gross  chemical and phys ica l  p rope r t i e s .  

Major D i s c o n t i n u i t i e s  - A t e r m  used t o  descr ibe  boun- 
d a r i e s  o r  breaks between major rock u n i t s .  

Mea s uremen t Req uiremen t s 

Measurement Technique of O r b i t  o r  Instrument 
Parameters Measurements Instruments Surface Ref. No. 
I n t e r n a l  Seismometry Passive seismom- S None 
s t r u c t u r e  e t e r s  
(core ,  man- Magne tome t r y  (? ) Magne tome ter  S None 
t l e ,  c r u s t ,  T ida l  gravim- Tidal gravimeter S None 
o r  o t h e r  e t r y  
rock u n i t s )  

0 A g r a v i t y  gradiometer would poss ib ly  c o n t r i b u t e  some 
information t o  t h i s  quest ion,  however, the g r a v i t y  
determinat ion from o r b i t a l  t rack ing  i s  assumed t o  be 
adequate e 

e Radar techniques do not  provide pene t r a t ion  below the 
d i s tu rbed  crus  t a l  region ( N  10 km) 
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Question 1 . 3  

SSB QUESTION 

What i s  the geometric shape of the moon? 

Purpose of Ques t ion  

To e s t a b l i s h  a mathematical su r f ace  f o r  the moon wi th  
r e s p e c t  t o  i t s  t r u e  shape. This i s  important i n  order  
t o  f ac i l i t a t e  the  establ ishment  of a se l enocen t r i c  co- 
o r d i n a t e  system, a re ference  f i g u r e  wi th  respect t o  a 
c e n t e r  of mass, a three-dimensional geodet ic  c o n t r o l  
system i n  terms of l a t i t u d e ,  longi tude,  and e l eva t ion ,  
and f o r  comparison wi th  the g r a v i t a t i o n a l  e q u i p o t e n t i a l  
su r f ace .  

Ques t ion  I n t e r p r e t a t i o n  i n  T e r m s  of Measurable Quan t i t i e s  

What are the r e l a t i v e  loca t ions  and e l eva t ions  of a spec i -  
f i e d  number of d i f f e r e n t  po in ts  of the lunar  sur face?  

D e f i n i t i o n  of T e r m s  

Geometric Shape - The imaginary mathematical su r f ace  
which conforms t o  the  average su r face  conf igu ra t ion  
of the moon. 

Measurement Requirements 

Measurement Technique of O r b i t  o r  In s  trumen t 
Parameters Measurements Instruments Surface Ref. No. 

e l e v a t i o n  and 
l o c a t i o n  wi th  
r e s p e c t  t o  
c e n t e r  of  mass 

Surface  p o i n t  A l t i m e t r y  Radar a l t i m e t e r  0 1 
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Question 1.4 

SSB QUESTION 

How does the moon's shape depar t  from f l u i d  equi l ibr ium? 

Purpose of Ques t ion  

To determine i f  the  moon behaves l i k e  a f l u i d ;  i s  r i g i d  
but  i n  f l u i d  equi l ibr ium; o r ,  i s  r i g i d  but no t  i n  f l u i d  
equi l ibr ium with i t s  present  environment. 

Ques t ion  I n t e r p r e t a t i o n  i n  Terms  of Measurable Q u a n t i t i e s  

What i s  the mass d i s t r i b u t i o n  of t he  moon with regard t o  
i t s  shape, p re sen t  t i d a l  e f f e c t ,  and r i g i d i t y ?  

D e f i n i t i o n  of T e r m s  

F lu id  Equilibrium - The geometr ical  shape commensurate 
with the Earth-moon and Sun-moon t i d a l  forces .  

T ida l  E f f e c t  - The e f f e c t  on a p l ane ta ry  body due t o  
t he  p e r s i s t e n t  g r a v i t a t i o n a l  a t t r a c t i o n  between two 
o r  more bodies. 

Geometric Shape - See Question 1.3 f o r  d e f i n i t i o n .  

Mea suremen t Requirements 
Measurement Technique of O r b i t  o r  Instrument 
Parameters Measurements Instruments Surface Ref. No. 
Geometric A l t i m e t e r  Radar a l t i m e t e r  0 1 
shape Sa te l l i t e  Tracking 

Elas t i c i t y  T ida l  gravimetry Tida l  gravimeter S None 
& r i g i d i t y  Seismometry Passive seismom- S None 

e t e r  
Mass d i s -  S a t e l l i t e  t rack-  N/A 
t r i b u t i o n  i n g  

0 None 
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Question 2 . 1  

SSB QUESTION 

How does the  composition of the lunar  s u r f a c e  va ry  from 
p lace  t o  p lace?  

Purpose of Ques t ion  

The d e t e c t i o n  of v a r i a t i o n s  i n  composition w i l l  p e r m i t  
c l a s s i f i c a t i o n  of d i s t i n c t  a r e a s  a s  t o  poss ib l e  processes  
respons ib le  f o r  t h e i r  development and modif icat ion during 
geologic  t i m e .  Using volcanism and m e t e o r i t i c  impact as 
examples, r eg iona l  composition should vary i n v e r s e l y  with 
the frequency of impact, t h e  s i z e  of impacts, and amount 
of p a s t  vo lcanic  a c t i v i t y .  

Ques t ion  I n t e r p r e t a t i o n  i n  Terms of Measurable Quan t i t i e s  

D o  t he  most abundant elements ( e .g .  , s i l i c o n ,  magnesium, 
oxygen, i ron ,  e t c . )  vary on t h e  order  of + - 10 percent  from 
mare t o  mare, highland t o  highland, from mare t o  highland, 
and r e g i o n a l l y  ( ~ 1 0 0  miles)  wi th in  these a r e a s ?  

Meas u r  emen t Technique of 
Parameters Measurements 
Element X-ray s igna tu res  
iden t i  f i - 
c a t i o n  

Measurement Requirements 
O r b i t  o r  Instrument 

--- Ins  trumen - t Surface Ref. No. 
2 

Sample a n a l y s i s  E lemen t 
abundance 

X-ray spec trom- 0 
e ter  

X-ray s o l a r  
monitor 0 

Vidicon camera 0 
Surface s o l a r  

wind f l u x  S 
(Laboratory) S 

* TV camera needed t o  cztermine shadow percentage 
f i e l d  of view of X-ray spectrometer 

Surface coverage should b e  from 70 t o  100 percent  

Monitor s o l a r  a c t i v i t y  during measurements 

3 
4 

None 
None 

Ground t r u t h  information would be h e l p f u l  i n  answering 
t h i s  ques t ion .  
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Question 2 .2  

SSB QUESTION 

What i s  the average composition of the  rocks on the  
luna r  s u r  f ac  e? 

Purpose of  Ques t ion  

The i d e n t i f i c a t i o n  and the percentage determinat ion of 
the  major chemical elements w i l l  provide the  bas ic  informa- 
t i o n  requi red  t o  determine whether and t o  what e x t e n t  the 
moon's su r f ace  materials a r e  similar o r  d i s s i m i l a r  t o  
known materials on Earth.  This i n  tu rn  w i l l  provide i n -  
formation on the  moon's e a r l y  h i s t o r y .  
i n d i c a t e  the  amount of fore ign  material present  on t h e  
luna r  su r face ,  such as me teo r i t i c  ma te r i a l s .  

This may a l s o  

Ques t ion  I n t e r p r e t a t i o n  i n  Terms of Measurable Q u a n t i t i e s  

I n  what percentages are t h e  most abundant elements (e.g., 
s i l i c o n ,  oxygen, magnesium, i ron ,  e t c . )  p resent  on the  
su r face  of the  moon? 

Def in i t i on  of T e r m s  

Average Composition - The percenisage r a t i o  of the most 
abundant chemical elements. 

Rocks - A s  used here ,  means any su r face  ma te r i a l s .  

Measuremen t Requirements 
Measurement Technique of . O r b i t  o r  Instrument 
Parameters Measurements Instruments Sur face  Ref. No. 
Element X-ray s igna tu res  X-ray spectrom- 
i d e n t i f i -  e te r  0 2 
c a t i o n  Solar  X-ray 

monitor 0 3 
Vidicon camera 0 4 
Surface s o l a r  

wind f l u x  S None 
None Element Sample  a n a l y s i s  (Laboratory) S 

abundance 
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Surface coverage should b e  from 70 t o  100 percent  

Ground t r u t h  information i s  e s s e n t i a l  f o r  t h i s  
ques t ion .  
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Question 2 . 3  

SSB QUESTION 

Are volcanic  rocks present  on the  lunar  su r face?  

Purpose of Ques t ion  

The i d e n t i f i c a t i o n  and determinat ion of  the d i s t r i b u t i o n  
of rock types on the lunar  su r face  w i l l  provide informa- 
t i o n  i n  i d e n t i f y i n g  lunar  processes and the e x t e n t  t o  
which volcanism and o the r  processes  have formed and 
modified the su r face  and subsurface of the moon. 

Question I n t e r p r e t a t i o n  i n  T e r m s  of Measurable Q u a n t i t i e s  

What i s  the  r eg iona l  d i s t r i b u t i o n  of ma te r i a l s  and rock 
t y p e s  on the  lunar  sur face  (e .g . ,  l ava ,  g r a n i t e ,  pyro- 
c l a s t i c  material, e t c . ) ?  

Def in i t i on  of Terms 

Volcanic Rocks - Mater ia l s  which were der ived from the 
luna r  subsurface as molten o r  e j e c t a  ma te r i a l  as a 
r e s u l t  of vo lcanic  a c t i v i t y .  

Rock Types  - C l a s s i f i c a t i o n  of l una r  ma te r i a l  a s  t o  
type based on physical  and mineral  p r o p e r t i e s  (e .g . ,  
l ava ,  g r a n i t e ,  py roc la s t i c  material, e t c , )  

Measurement Requirements 

Measurement Technique of O r b i t  o r  
Parame ters Measurements Instruments Surface 
Chemic a 1 X-ray s igna tu res  X-ray spectrom- 
composi- e ter  0 
t i o n  X-ray s o l a r  

monitor 0 

camera 0 

wind f l u x  S 

TV v id i con  

Surface s o l a r  

Sample a n a l y s i s  (Laboratory) S 

Instrument 
Ref. No. 

2 

3 

4 

None 
None 
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Measurement Technique of 
Parameters Measurements 
Mineralogi- EM s igna tu res  
c a l  compo- 
s i t i o n  

Sample analy-  
s i s  

Sample P hys i c  a 1 
p r o p e r t i e s  a n a l y s i s  

O r b i t  o r  Instrument 
Instruments Surface Ref. No. 

Mul t i spec t r a l  
imager 0 5 

I R  spectrometer 0 7 
U V - V i s  spec t 0 6 
(Laboratory) S None 

(Laboratory) S None 

e Remote sensing imagery measurements should precede 
spectrometry measurements i f  they cannot b e  accom- 
p l i shed  simultaneously.  

Ground t r u t h  i s  e s s e n t i a l  f o r  t h i s  ques t ion .  

It  i s  assumed t h a t  metric photographic coverage w i l l  
be  a v a i l a b l e  f o r  ground re ference .  
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Question 3.1 

SSB QUESTION 

I s  the re  a c t i v e  volcanism on the moon? 

Purpose of Ques t ion  

A determinat ion of t he  frequency and magnitude of a c t i v e  
volcanism on the moon w i l l  provide information i n  the  
i n t e r n a l  energy, composition of the i n t e r i o r ,  and the 
s i g n i f i c a n c e  of voleanism i n  forming lunar  f e a t u r e s  It  
may provide s u b s t a n t i a l  gains i n  our understanding of 
vo lcanic  processes  by comparative s t u d i e s  b4tween lunar  
and t e r r e s t r i a l  volcanism, 

Question I n t e r p r e t a t i o n  i n  Terms sf Measurable Quan t i t i e s  

Is t h e r e  a t  l eas t  one loca t ion  on the moon where the re  
are volcanic  gases and ma te r i a l s  p re sen t ly  being expel led 
o r  which e x h i b i t  a temperature anomaly s u f f i c i e n t l y  l a r g e  
t o  i n d i c a t e  poss ib l e  a c t i v e  volcanism? 

Def in i t i on  of T e r m s  

Volcanism - Volcanic power o r  a c t i v i t y  includes:  
processes  r e s u l t i n g  in  the formation of volcanoes,  
lava flows, l a c c o l i t h s ,  s tocks ,  d ikes ,  e t c .  

Measurement Requirements 
Measurement Technique of O r b i t  o r  Instrument 
Parameters Measurements Instruments  Surface Ref., No. 
Products  of Thermal mapping IR radiometer 0 8 
volcanism Gas a n a l y s i s  I R ,  V i s ,  UV 
(mo 1 t e n  gas spectrum 
material, ana lyzer  0 9 
gases ,  temp, 
anomalies) 
Seismic Seismometry Passive seis-  
ac t i v i  t y  mome ters S None 

8 
e Thresholds of 500°C and 10 mol/cc have been designated 

0 These threshold de t ec to r s  should be  included on a l l  missions.  
f o r  t h i s  ques t ion .  
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Question 3 . 2  

SSB QUESTION 

Is the  moon se i smica l ly  a c t i v e ?  

Purpose of Question 

Lunar seismic a c t i v i t y  (moonquakes) r e f l e c t s  the magni- 
tude of s t r a i n  accumulation and r e l e a s e ,  the  lunar  thermal 
h i s t o r y ,  and the c u r r e n t  t h e r m a l  t ec ton ic  regime. Seis- 
mic i ty  i s  a l s o  d i r e c t l y  r e l a t e d  t o  the o r i g i n  of some 
su r face  f e a t u r e s ,  such as f a u l t s  and craters .  

Ques t ion  I n t e r p r e t a t i o n  i n  Terms of Measurable Q u a n t i t i e s  

A r e  t he re  i n t e r n a l l y  generated seismic v i b r a t i o n s  d e t e c t -  
a b l e  a t  the  su r face  of the moon? 

D e f i n i t i o n  of Terms 

Seismic - P e r t a i n i n g  to,  c h a r a c t e r i s t i c  o f ,  o r  pro- 
duced by quakes o r  v i b r a t i o n s  " 

Measurement Requirements 
Measurement Technique of O r b i t  o r  Instrument 
Parameters Measurements Instruments Surface Ref. No. 
Seismic Seismometry Passive seismom- 
a c t i v i t y  e t e r s  S None 
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Question 3 , 3  

SSB QUESTION 

What i s  the p re sen t  hea t  flow a t  the lunar  su r face?  

Purpose of Ques t ion  

The determinat ion of hea t  flow w i l l  a ss i s t  i n  comparing 
the  moon and the  Ear th  f o r  s i m i l a r i t y  i n  composition, 
r e l a t i v e  ages of the two bodies, i n t e r n a l  hea t ing  pro- 
ces ses ,  and poss ib ly  information on the  o r i g i n  of t he  
moon and Earth.  I t  w i l l  a l s o  support  o r  complement o the r  
geophysical and geochemical measurements, 

Ques t ion  I n t e r p r e t a t i o n  i n  Terms  of Measurable Q u a n t i t i e s  

What are the temperature grad ien ts  (ho r i zon ta l  and v e r t i -  
c a l )  and thermal c o n d u c t i v i t i e s  as a func t ion  of depth 
below the  su r face  wi th in  the maria and highlands? 

Def in i t i on  of Terms  

Heat Flow - The t r a n s f e r  of hea t  v e r t i c a l l y  from the 
i n t e r i o r  t o  the sur face  and h o r i z o n t a l l y  wi th in  the  
su r face  but  excluding d i u r n a l  e f f e c t s ,  

Measurement Requirements 
Me a s u r  emen t Technique of O r b i t  o r  Instrument 
Parameters Measurements Instruments  Surface Ref. No. 
Subsurface Subsurface temp. Temperature 
thermal f l u x  g rad ien t  probes S None 
Thermal con- Sample a n a l y s i s  (Laboratory) S None 
duc t i v i t y  

e Surface  measurements a r e  requi red  f o r  answering t h i s  
ques t ion .  

= Lunar o r b i t e r s  cannot provide d i r e c t  measurement of 
hea t  flow. Thermal mapping a t  shallow depths i f  
a v a i l a b l e  from o t h e r  ques t ions  may be of some va lue ,  
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Question 3 . 4  

SSB QUESTION 

What i s  the  p re sen t  tec tonic  p a t t e r n ?  

Purpose of Ques t ion  

The mapping of the present  t e c t o n i c a l l y  a c t i v e  a reas  on 
the  moon w i l l  provide da ta  on the  p re sen t  t ec ton ic  p a t t e r n  
and i d e n t i f y  areas b e s t  s u i t e d  f o r  the  i n v e s t i g a t i o n  of 
c u r r e n t l y  a c t i v e  geologic processes .  

Question I n t e r p r e t a t i o n  i n  Terms of Measurable Quan t i t i e s  

Where on the  moon i s  t h e  c r u s t  now being deformed a s  a 
r e s u l t  of t ec ton ic  processes (volcanism, quakes, fo ld ing ,  
subsidence processes ,  e t c . ) ?  

Def in i t i on  of T e r m s  

Tectonic P a t t e r n  - Per t a ins  t o  the  loca t ions  where the  
lunar  c r u s t  i s  p re sen t ly  being deformed by t ec ton ic  
processes .  

Tectonic Processes - The l a r g e  s c a l e  events or  pro- 
ces ses  which r e l i e v e  s t r e s s  w i th in  the  moon ( i e e o ,  
volcanism, quakes, subsidence, e t c . )  

Measurement Requirements 
Measurement Technique of 
Parameters Measurements Instruments 
Active areas Seismometry Pass ive 

seismometers 
Temp. mapping I R  radiometer 
Act ive seismic Active 

seismometers 
Rock Topographic Med-Hi res 
s t r u c t u r e  mapping camera 

Sur f .  geologi- 
ca l  mapping N/A 

O r b i t  o r  Instrument 
Sur face  Ref. No. 

S None 
0 10 

S None 

0 13 

S None 

Lunar O r b i t e r  Block I and I1 type cameras may f u l f i l l  
photographic requirements. 
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I t  i s  assumed t h a t  the  metr ic  camera w i l l  be used f o r  
topographic mapping. 

Temperature mapping can only i n d i c a t e  and poss ib ly  
i s o l a t e  a c t i v e  areas. These areas must then be i n -  
ves t i g a t e d  by su r face  missions. 

Dark s i d e  measurements requi red  i n  order  t o  provide 
s u f f i c i e n t  t i m e  f o r  cool ing of the  lunar  sur face .  

Radar does n o t  appear t o  o f f e r  any a d d i t i o n a l  advan- 
tage i n  mapping p resen t  t e c t o n i c  a c t i v i t y o  I t  has 
l imi t ed  p o t e n t i a l  i n  de t ec t ing  subsurface s t r u c t u r e  
and su r face  angu la r i ty .  
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Question 3.5 

SSB QUESTION 

What a r e  the dominant processes of e ros ion ,  t r a n s p o r t ,  
and depos i t ion  of m a t e r i a l  on the  l u n a r  sur face?  

Purpose of Quest ion 

The i d e n t i f i c a t i o n  of t h e  processes respons ib le  f o r  l e v e l -  
ing  of the luna r  sur face  w i l l  a s s i s t  i n  eva lua t ing  the 
amount of modif icat ion of the luna r  su r face  throughout 

geologic t i m e  and can a s s i s t  i n  e s t a b l i s h i n g  r e l a t i v e  
ages of f e a t u r e s  and mater ia l s .  (The amount and t y p e  of 
e ros ion  f o r  a given a r e a  can i n d i c a t e  o lde r  and younger 
ma te r i a l s .  ) 

Quest ion  I n t e r p r e t a t i o n  i n  Terms of Measurable Quan t i t i e s  

What a r e  the  p r i n c i p a l  denudation processes now a c t i n g  on 
the  lunar  sur face?  

Def in i t i on  of Terms 

Transport  - The s h i f t i n g  of ma te r i a l  from one p lace  t o  
another  e 

Erosion - The gradual  smoothing of the su r face  topography, 

Denudation - The sum of the processes t h a t  r e s u l t  i n  
the  wearing down of t h e  su r f ace .  

Deposit ion - The processes of lay ing  down ma te r i a l .  

Measurement Requirements 
Measurement Technique of O r b i t  o r  Instrument 
Parameters Measurements Instruments Surface Ref. No. 
Slumping, Sample a n a l y s i s  (Laboratory) 
s o l a r  wind, Environmental Surface micro- 
microme t e  or  - moni t o r  i ng  meteori te  de- 
i t e  f l u x  tec  t o r ,  plasma 

probe, cosmic 
ray ,  e t c .  

Surface Med-Hi res.  
topography cameras 
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., Photography i s  used i n  support  of deducing eros ion ,  
t r a n s p o r t  and d e p o s i t i o n  processes .  

I t  i s  assumed t h a t  the metric camera w i l l  be used f o r  
topographic mapping. 

Data i s  b e s t  obtained from su r face  measurements and 
observat ions.  

It  i s  assumed t h a t  a l l  measurements r e l a t e d  t o  t h i s  
ques t ion  w i l l  have been made p r i o r  t o  Lunar O r b i t e r  
Block 111. 
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Question 3.6 

Extent  Photo mapping Med-Hi res. 
cameras 0 13 

SSB QUESTION 

What i s  the d i s t r i b u t i o n  of t e c t o n i c  a c t i v i t y ?  

Purpose of Ques t ion  

The c l a s s i f i c a t i o n  of processes as t o  t h e i r  t y p e  and in -  
t e n s i t y  w i l l  provide information p e r t i n e n t  t o  the e x t e n t  
of su r f ace  modif icat ion and a c t i v i t y  caused by the  var ious 
processes .  This w i l l  a l s o  a s s i s t  i n  eva lua t ing  what p a r t  
t ec ton ic  processes have had i n  forming and modifying the 
luna r  su r face  throughout geologic t i m e .  

Question I n t e r p r e t a t i o n  i n  Terms of Measurable Q u a n t i t i e s  

Khere a r e  each of the tec tonic  processes (e .g . ,  volcanism, 
quakes, fo ld ing ,  e t c . )  occurr ing on the moon? And t o  
what e x t e n t  and wi th  what i n t e n s i t y  a r e  they occurr ing? 

D e f i n i t i o n  of  Terms 

D i s t r i b u t i o n  of Tectonic A c t i v i t y  (Present )  - The l o -  
c a t i o n s  of each t y p e  of t ec ton ic  a c t i v i t y  i n  opera t ion  
wi th in  the lunar  surface.  

Tectonic Processes - See Question 3 . 4  f o r  d e f i n i t i o n .  

Measurement Requirements 

Measurement Technique of O r b i t  o r  Instrument 
Parameters Measurements Instruments Surface Ref. No. 

processes  
I n  t e n s i t y  Seismometry Passive 

Tectonic  Thermal mapping I R  radiometer 0 10 

seismometry S None 

The temperature mapping can only i n d i c a t e  and poss ib ly  
i s o l a t e  a c t i v e  a r e a s .  These a reas  must then b e  i n v e s t i -  
gated by su r face  missions ., 
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Photographic mapping can u t i l i z e  medium and high reso-  
l u t i o n  such as can be accomplished by Block I and 11. 

The a c t i v e  volcanism d e t e c t o r s  (Question 3.1) may 
c o n t r i b u t e  t o  determining the p re sen t  t ec ton ic  p a t -  
t e r n .  

I l l  R E S E A R C H  I N S T I T U T E  

68 



Question 3 . 7  

SSB QUESTION 

What v o l a t i l e  substances a r e  p re sen t  on o r  near  the su r -  
face of t h e  moon o r  i n  the  t r a n s i t o r y  lunar  atmosphere? 

Purpose of Quest ion 

A knowledge of the gases  near the moon's su r f ace  w i l l  
a ss i s t  i n  i d e n t i f y i n g  mechanisms which are respons ib le  
f o r  supplying and dep le t ing  the lunar  atmosphere (e,g:. , 
s p u t t e r i n g ,  rocke t  exhaust,  e t c . ) .  

Question I n t e r p r e t a t i o n  i n  T e r m s  of Measurable Q u a n t i t i e s  

What are the gases and i n  what abundances a r e  the p r i n c i p a l  
ones present  i n  the  lunar  atmosphere? 

Def in i t i on  of  T e r m s  

Lunar Atmosphere - The volume above the lunar  su r face  
where the gas i s  d i f f e r e n t  i n  composition o r  dens i ty  
from t h a t  i n  the surrounding i n t e r p l a n e t a r y  space. 

V o l a t i l e  Substances - Atoms, ions ,  and molecules 

Measuremen t Requirements 

Measurement Technique o f  O r b i t  o r  Instrument 
Parameters Measurements Instruments Sur face  Ref. No, 
Atmos ., gases Gas a n a l y s i s  Mass spectrometer 0 11 

Pressure  Pressure gauge (ne u tra 1 

c u l e s ,  & i ons )  
a toms de t ec  t i o n  

0 12 

The atmospheric gas de t ec to r s  should be included on a l l  
m i s s  ions  f o r  continuous monitoring 
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Question 3 . 8  

SSB QUESTION 

What are the sources of the hea t  which produce h e a t  flow? 

Purpose of Ques t ion  

The determinat ion of ' h e a t  sources w i l l  i d e n t i f y  a c t i v e  
i n t e r n a l  processes ,  such a s  r a d i o a c t i v i t y ,  volcanism, 
compression and s t r a i n ,  and t o  eva lua te  the  amount of 
p re sen t  and p a s t  thermal a c t i v i t y .  

Question I n t e r p r e t a t i o n  i n  T e r m s  of Measurable Q u a n t i t i e s  

What a r e  the i n t e r n a l  sources of hea t  which produce hea t  
flow (e.g. ,  r a d i o a c t i v i t y ,  s t r e s s ,  hot  core ,  igneous ac-  
t i v i t y ,  e t c . ) ?  

Def in i t i on  of Terms 

Sources of Heat - The hea t  generat ing processes a c t i v e  
wi th in  the moon. 

Measurement Requirements 

Meas ur  emen t 
Parameters 
Rad ioac t iv i ty  
I n t e r n a l  
s t r u c t u r e  
Tectonic  
a c t i v i t y  

Heat flow 

Technique of 
Measurements 

Sample a n a l y s i s  
Seismometry 

Topographic 
mapping 
Thermal mapping 
Temp. g r a d i e n t  
Temp. conduc- 
t i v i t y  

O r b i t  o r  
Instruments Surface 

(Laboratory) S 
Passive 
seismometer S 
Med-Hi res. 
cameras 0 
I R  radiometer 0 
(Laboratory) S 
(Laboratory) S 

Instrument 
Ref. No. 

None 

None 

13 
10 

None 
None 

It assumed the metric camera w i l l  be  used f o r  topo- 
graphic  mapping. 
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Question 3 . 9  

SSB QUESTION 

Does the  moon have an i n t e r n a l l y  produced magnetic f i e l d ?  

Purpose of Ques t ion  

It i s  d e s i r a b l e  t o  determine i f  the  moon has an inhe ren t  
magnetic f i e l d .  Any evidence of remnant f i e l d s  could pro- 
v ide  information on the lunar  magnetic h i s t o r y .  Measure- 
ments of the  i n t e n s i t y  and d i r e c t i o n  of the  t o t a l  f i e l d  
vec to r  over a long period wi th  coordinated measurements 
of charged p a r t i c l e  f l u x  on the lunar  su r face  may p e r m i t  
s epa ra t ion  of the induced magnetic f i e l d ,  and the inhe ren t  
f i e l d  e 

Quest ion  I n t e r p r e t a t i o n  in  Terms  of Measurable Quan t i t i e s  

What i s  the shape of t he  magnetic f i e l d  on and around the 
moon and how i s  i t  r e l a t e d  t o  the  i n t e r p l a n e t a r y  f i e l d ?  

Measurement Requirements 

Measurement Technique of O r b i t  o r  Instrument 
Parameters Mea suremen t s  Instruments Surface Ref. No. 

None 
f i e l d  
So la r  wind So la r  wind f l u x  Plasma probe S None 

Magnetic Magnetic vec to r s  Magnetometer S 

0 I f  o r b i t a l  measurements a r e  shown t o  be necessary f o r  
t h i s  ques t ion ,  an IMP would seem t o  b e  a more approp- 
r i a t e  spacec ra f t  than LOB 111. 
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Question 4 . 1  

SSB QUESTION 

What i s  the  range of age of the  s t r a t i g r a p h i c  u n i t s  on 
the  lunar  su r face?  

Purpose of Quest ion 

The determinat ion of t h e  s t r a t i g r a p h i c  column (mapping 
o r  rock u n i t s  a s  t o  t h e i r  r e l a t i v e  and absolu te  ages)  w i l l  
provide e s s e n t i a l  information i n  the  determinat ion of the 
geologic h i s t o r y  and sequence of events  on the moon. 

Question I n t e r p r e t a t i o n  i n  Terms of Measurable Q u a n t i t i e s  

What age per iods a r e  represented by t h e  rock u n i t s  ( s t r a t i -  
graphic column) a t  the  lunar  su r face?  

Def in i t i on  of Terms 

S t r a t i g r a p h i c  Units - D i s t i n c t  rock u n i t s  which repre- 
s e n t  the condi t ions  of t h e i r  depos i t ion ,  cha rac t e r ,  
age,  and d i s t r i b u t i o n .  

Measurement Requirements 

Measurement Technique of O r b i t  o r  Instrument 
Parameters Measurements Instruments Surface Ref. No. 
Age of rock Radioactive (Laboratory) S None 
samples d a t i n g  

d i s t r i b u t i o n  & s p e c t r a  
Rock u n i t  EM s igna tu res  X-ray s p e c t . ,  0 2 ,3 ,4 ,5 ,6 ,7  X-ray s o l a r  moni- 

t o r ,  v id icon  su r -  
face  s o l a r  wind 
f lux ,  multispec- 
t ra l  imager, I R  
spectrometer,  
W, V i s  spec trom- 
e ter 

Rock u n i t  Surface geo. N/A S 
re  l a  t i on - 
s h i p  Photo mapping Med-Hi r e s .  camera 0 

mapping 
None 

13 
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0 It i s  assumed t h a t  metric photographic coverage w i l l  
be  a v a i l a b l e  f o r  ground re ference .  

Radioactive age of rock u n i t s  and t h e i r  r e l a t i o n s h i p  
must be determined by sur face  missions.  
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Question 4.2 

SSB QUESTION 

What p a s t  magnetic f i e l d s  a r e  recorded i n  the rocks 
a t  the  moon's su r f ace?  

Purpose of Ques t ion  

Evidence of a p a s t  magnetic f i e l d  can provide information 
on the moon's geologic h i s to ry .  

Ques t ion  I n t e r p r e t a t i o n  i n  Terms  of Measurable Q u a n t i t i e s  

What magnetic f i e l d s  are de tec t ab le  i n  samples  of the  
lunar  su r face?  

D e f i n i t i o n  of T e r m s  

P a s t  Magnetic F ie lds  - Those l o c a l i z e d  magnetic f i e l d s  
which a r e  permanent r e s u l t s  of previous magnetism. 

- 

Measurement Requirements 

Measurement Technique of O r b i t  o r  Instrument 
Parameters Measurements Instruments Surface Ref. No. 
Paleomagne- Sample a n a l y s i s  (Laboratory) S None 
t i s m  

Samples of the  su r face  with o r i e n t a t i o n  c a r e f u l l y  
recorded are necessary.  
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Question 4 . 3  

SSB QUESTION 

I s  the re  evidence of organic o r  proto-organic ma te r i a l  on 
o r  near  the  lunar  su r face?  

Purpose of Ques t ion  

Evidence of organic mater ia l  on the lunar  su r face  would 
be  va luable  i n  determining the p a s t  r e l a t i o n s h i p  of the 
moon t o  the Ear th  and uniqueness of l i f e  on Earth.  

Question I n t e r p r e t a t i o n  i n  T e r m s  of Measurable Q u a n t i t i e s  

A r e  there  compounds on the  lunar  su r face  which are i n d i -  
c a t o r s  of a b i o l o g i c a l  evolut ion (e.g. ,  ammonia, water, 
amino a c i d s ,  p ro t e ins  , e t c . ) ?  

Def in i t i on  of T e r m s  

Organic - Those chemical substances thought t o  be 
precursors  of l i v i n g  c e l l s  ( i 0 e . ,  amino ac ids ,  pro- 
t e i n s ,  e t c . )  

Proto-organic - Those substances thought t o  b e  neces- 
s a r y  t o  the formation of organic molecules ( i . e . ,  
carbon, methane, ammonia, water, e t c . ) .  

Measurement Requirements 

Measurement Technique of  O r b i t  o r  In s  trumen t 
Parameters Measurements Instruments Surface Ref. No. 
P re -b io log i -  Sample a n a l y s i s  (Laboratory) S None 
c a l  compounds 

e Samples of the su r face  a r e  necessary.  
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Question 4.4 

SSB QUESTION 

Are t h e r e  l i v i n g  organisms p resen t  on o r  beneath the 
lunar  sur face?  

Purpose of Ques t ion  

The determinat ion of whether t he re  i s  any l i v i n g  matter  on 
o r  w i th in  the lunar  su r face  w i l l  provide va luable  informa- 
t i o n  concerning the  o r i g i n  and evolu t ion  of l i f e  i n  the 
s o l a r  sys  t e m .  

Ques t ion  I n t e r p r e t a t i o n  i n  T e r m s  of Measurable Q u a n t i t i e s  

A r e  t he re  l i v i n g  organisms p resen t  on o r  beneath the  lunar  
s u r f  ace? 

nPfini t iDn of Terms 

Living Organisms - Something capable of information 
s to rage ,  reproduct ion,  and the c o n t r o l l e d  t r a n s f e r  of 
energy. 

M e  a s  u r  emen t Req u i r  emen t s 

Measurement Technique of O r b i t  o r  Instrument 
Parameters Measurements Instruments Surface Ref. No. 
Living Sample  a n a l y s i s  (Laboratory) S None 
organisms 

Samples of  the su r face  materials are necessary.  
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Question 4.5 

SSB QUESTION 

Is the re  a fundamental d i f f e rence  i n  morphology and h i s -  
t o ry  between the  sub-Earth and aver ted  faces  of the moon? 

Purpose of Ques t ion  

Any basic d i f f e rences  i n  morphology between the two faces  
of the moon i s  fundamental i n  i n t e r p r e t i n g  the  h i s t o r y  of 
t he  development of the  moon and i t s  r e l a t i o n s h i p  t o  the  
Ear th ,  and i n  eva lua t ing  whether i n t e r n a l  and e x t e r n a l  
processes  have been uniformly a c t i v e  around the  moon. 

Ques t ion  I n t e r p r e t a t i o n  i n  Terms of Measurable Quan t i t i e s  

Are the land masses (e .g . ,  maria and highlands) on the  
backside of the  moon d i f f e r e n t  i n  appearance, d i s t r i b u t i o n ,  

two s i d e s  may have d i f f e r e n t  h i s t o r i e s ?  

am- e- -+ ' - -'---- -- +L,, _ _ _ _  z*Jh-karth  face such t h a t  t h e  

D e f i n i t i o n  of Terms 

Morphology - The general  conf igu ra t ion  and d i s t r i b u t i o n  
of su r face  f e a t u r e s  which i n d i c a t e s  something about 
t h e i r  h i s  t o r y ,  

Measur emen t Requirements 

Measurement Technique of O r b i t  o r  Instrument 
Parameters Measurements Instrument Sur face  Ref. No. 
Land form Topographic Low r e s o l u t i o n  
types mapping camera 0 13 
Land mass Alt imetry Radar alt imeter 0 
e l e v a t i o n  

1 

It i s  assumed t h a t  LOB I and I1 cameras and the  Block I11 
camera w i l l  provide s u f f i c i e n t  d a t a  t o  answer t h i s  
que s t ion.  
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Question 4 ,6  

SSB QUESTION 

What are the p r i n c i p a l  processes respons ib le  f o r  the 
p re sen t  r e l i e f  of the  lunar sur face?  

Purpose of Ques t ion  

The i d e n t i f i c a t i o n  of the p r i n c i p a l  processes  which a r e  
respons ib le  €or forming lunar  f e a t u r e s  w i l l  provide valu-  
a b l e  information as t o  the evolu t ionary  h i s t o r y  of the 
development and modification of the lunar  su r face  and 
i n t e r i o r  e 

Question I n t e r p r e t a t i o n  i n  Terms of Measurable Q u a n t i t i e s  

What are the  p r i n c i p a l  processes respons ib le  f o r  the  pre- 
- c a n +  ----*- r n l i ~ f  nf ~ ~- t h e  . l una r  sur face  (e .g . ,  volcanlsrn, impact- 
ing,  fo ld ing ,  f a u l t i n g ,  denudation, e t c .  > ?  

Def in i t i on  of Terms 

Processes  - Those events which form the e x t e r n a l  f e a t u r e s  
of a body (ice., volcanism, impacting, fo ld ing ,  f a u l t -  
ing,  denudation, e t c . ) ,  

Relief - The r e l a t i v e  e l eva t ions  of the  topography a t  
the  su r face .  

L i tho log ic  Unit  - A rock u n i t  which r ep resen t s  a uniform 
condi t ion  during depos i t ion  o r  formation e 

Measurement Requirements 

Measurement Technique of Orb i t  o r  Instrument 
Parameters Measurements Instruments Surface R e f ,  No. 
L i tho log ic  Surface  geo. 
u n i t s  mapping N/A S None 

X-ray s igna tu res  X-ray spec,  0 2 
X-ray s o l a r  
monitor 0 3 
Vidicon camera 0 4 
Surface s o l a r  
wind f l u x  S None 
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Measurement 
Parameters 

S t r u c t u r a l  
f e a t u r e s  

Surface 
r e l i e f  

Technique of 
Measurements 
Sample a n a l y s i s  
EM s igna tu res  

Thermal mapping 
Surface geo. 
mapping 
Seismometry 

Gravimetry 
Topographic 
mapping 

O r b i t  o r  
Instruments Surface 

(Laboratory) S 

imager 0 
I R  spectrometer 0 
UV, v i s ,  spect.  0 
I R  radiometer 0 

Mult ispect .  

N/A S 
Ac t ive 
seismometer S 
Gravimeter S 
Low-med res, 
camera 0 

Instrument 
R e f .  No. 

None 

5 
7 
6 

10 

None 

None 
None 

13 

The i d e n t i f i c a t i o n  of processes respons ib le  f o r  l una r  
r e l i e f  i s  pr imar i ly  obtained from su r face  measurements 
and observat ions.  

It I s  assumed that the metr ic  camera w i l l  be  used t o r  
sur face  topography 

I I T  R E S E A R C H  I N S T I T U T E  

7 9  



Question 4.7 

SSB QUESTION 

What i s  the  age of the moon? 

Purpose of Ques t ion  

The age d a t i n g  of the  lunar  ma te r i a l s  a s s i s t s  i n  the  com- 
par i son  of lunar  and t e r r e s t r i a l  materials. 

Question I n t e r p r e t a t i o n  i n  Terms of Measurable Q u a n t i t i e s  

What i s  the b e s t  es t imate  of the  moon's age based on 
d a t i n g  of ma te r i a l s?  

Def in i t i on  of T e r m s  

Age - The age of the moon, based on the o l d e s t  material 
t h a t  can be  dated.  

Measurement Req uiremen t s 
Measurement Technique of O r b i t  o r  
Parameters Measurements Instruments Surface 

samples of samples  

graphic  mapping 

Age of Radioact ive age (Laboratory) S 

S t r a t i -  Surface geo. N/A S 

u n i t s  X-ray s igna tu res  X-ray spec. 0 
X-ray s o l a r  
monitor 0 
Vidicon camera 0 
Surface s o l a r  
wind f l u x  S 

EM s igna  tu re s  Mu1 t i s p e c .  imager 0 
I R  spectrometer 0 
UV, v i s .  spect.  0 

Instrument 
Ref, No. 

None 

None 

2 

3 
4 

None 
5 
7 
6 

It  i s  assumed t h a t  metric photography w i l l  be  used f o r  
t h i s  ques t ion .  
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Question 4,8  

SSB QUESTION 

I s  a pr imordial  su r f ace  exposed on the luna r  su r face?  

Purpose of Ques t ion  

The sampling of pr imordial  mater ia l  w i l l  a ss i s t  i n  e s t ab -  
l i s h i n g  an approximate age of the moon, i t s  ra te  of cool-  
i ng  i n t o  s o l i d  rock, and a complete s t r a t i g r a p h i c  column. 
I f  the  pr imordial  su r f ace  i s  exposed i t  w i l l  provide ease 
of sampling. 

Ques t ion  I n t e r p r e t a t i o n  i n  T e r m s  of Measurement Q u a n t i f i e s  

Does the o l d e s t  exposed rock u n i t  of t he  lunar  su r face  
r ep resen t  ma te r i a l  which was formed during the i n i t i a l  
formation o r  cool ing  of the moon? 

Primordial  Surface - That ma te r i a l  which r ep resen t s  
rocks which were formed during t h e  i n i t i a l  cool ing  o r  
formation of the moon. 

Measurement Requirements 
Measur emen t Technique of 
Parameters Mea s u r  emen t s 
S t r a t i -  Radioact ive age 
graphic  of samples 
u n i t s  Sur face  mapping 

X-ray s igna tu res  

EM s igna tu res  

Topography Topographic 
mapping 

O r b i t  o r  
Instruments Surface 

(Laboratory) S 

N/A S 
X-ray spect,  0 
X-ray s o l a r  
monitor 0 
Vidicon camera 0 
Surface s o l a r  
wind f l u x  S 
Multispec. imager 0 
I R  spectrometer 0 
UV, v i s .  spect,  0 
Lo-med. res,  
camera 0 

I n s  trumen t 
Ref. No. 

None 

None 
2 

3 
4 

None 
5 
7 
6 

13 

0 It i s  assumed t h a t  the metr ic  camera w i l l  be used f o r  
topographic mapping. 
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Question 4,9 

SSB QUESTION 

What i s  the  h i s t o r y  of dynamical i n t e r a c t i o n  between 
the  Ea r th  and the moon? 

Purpose of Quest ion 

The dynamical r e l a t i o n s h i p  i s  probably one of t he  key a s -  
pec ts  of t he  h i s t o r i c a l  r e l a t i o n s h i p  between the  moon and 
t h e  Earth.  

Ques t ion  I n t e r p r e t a t i o n  i n  Terms of Measurable Q u a n t i t i e s  

What has been the dynamical i n t e r a c t i o n  between the  moon 
and Ear th  during and subsequent t o  t h e i r  formation a s  
determined from t i d a l  g rav i ty ,  d e n s i t y  d i s t r i b u t i o n ,  depar- 
t u r e  from f l u i d  equi l ibr ium and l i b r a t i o n s ?  

nnFini +inn nf Terms 

Dynamical I n t e r a c t i o n  - The g r a v i t a t i o n a l  r e l a t i o n s h i p  
( a t t r a c t i o n )  between the moon and Earth.  

Measurement Req u i r  emen t s 
Mea suremen t Technique of 
Parameters Measurements 
Mass d i s -  Sa t e l l i t e  t r ack ing  
tr i bu t ion  
Shape of Al t imeter  
moon 
R i g i d i t y  & Seismometry 
e l a s t i c i t y  
T ida l  T i d a l  gravimetry 
f o r c e s  
Lunar per-  Earth-based 
t u r b a t i o n s  observat ions 
and l i b r a -  
t i o n s  

O r b i t  o r  Instrument 
I n s  trumen t s  Surface  Ref. No. 

None N / A  0 

Radar a l t i m e t e r  0 1 

Pass ive  seis-  
mome t e r  S None 
Tida l  gravimeter S None 

None Corner r e f l e c t o r  S 

It  i s  assumed t h a t  corner  r e f l e c t o r s  (Surveyor) w i l l  
provide adequate information on luna r  o r b i t  pe r tu rba t ions  
and l i b r a t i o n s .  
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Quest ion 4.10 

SSB QUESTION 

What i s  the  thermal h i s t o r y  of t he  moon? 

Purpose of Ques t ion  

The answering of the thermal h i s t o r y  ques t ion  w i l l  help 
determine how the moon w a s  i n i t i a l l y  formed, i t s  p a s t  
r e l a t i o n s h i p  t o  the Ear th  and Sun, and i t s  p a s t  i n t e r n a l  
energy pa t t e rn .  

Ques t ion  I n t e r p r e t a t i o n  i n  Terms of Measurable Quan t i t i e s  

Do s t r a t i g r a p h i c  u n i t s ,  s t r u c t u r a l  f e a t u r e s ,  and hea t  
flow of the  moon i n d i c a t e  whether i t  i s  hea t ing  up o r  
cool ing  down? 

Def in i t i on  of Terms 

. - -  -c ~ L r r  mnnn rlilrinp 
I 

Thermal H i s w r y  - in& LL+LLcL-A-- t - . - -  

i t s  formation, and subsequent changes. 

Tectonic A c t i v i t y  - Per t a in ing  t o  the rock s t r u c t u r e  
and e x t e r n a l  forms as a r e s u l t  of deformation of the  
c r u s t  from volcanism, quakes, subsidence,  fo ld ing ,  
o r  u p l i f t i n g .  

Measurement Requirements 
Measurement Technique of O r b i t  o r  
Parameters Measurements Instruments Surf ace  

graphic  of samples  
S t r a t i -  Radioact ive age (Laboratory) S 

u n i t s  Sur face  geo. N/A S 

X-ray s igna tu res  X-ray spect.  0 
X-ray s o l a r  
monitor 0 
Vidicon camera 0 
Surface s o l a r  
wind f l u x  S 

EM s igna tu res  Multispec. imager 0 
I R  spectrometer  0 

Thermal mapping I R  radiometer 0 

mapping 

Ins  trumen t 
Ref. No. 

None 

None 

2 

3 
4 

None 
5 
7 

10 

I l T  R E S E A R C H  I N S T I T U T E  

83 



Measurement 
Parameters 

S t r u c t u r a l  
f e a t u r e s  

Heat flow 

Technique of 
Measurements Instruments 

Surface geo. N/A 
mapping 
Seismometry Active 

Gravimetry Gravimeter 
Topographic Lo-med. r e s .  
mapping camera 
Temp. g rad ien t  Subsurface 

probes 
Thermal con- (Laboratory) 
duc t i v i  t y  

seismometer 

O r b i t  o r  Instrument 
Surf ace Ref. No. 

S None 

S None 
S None 

0 13 

S None 
S None 

It i s  assumed t h a t  metric photography w i l l  b e  used f o r  
t h i s  ques t ion .  

The information requi red  f o r  the s t r a t i g r a p h i c  u n i t s ,  
s t r u c t u r a l  f e a t u r e s ,  and hea t  flow should be obtained 
q v n m  _. t h e  surface. 
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Question 4.11 

SSB QUESTION 

What has been the  d i s t r i b u t i o n  of t ec ton ic  a c t i v i t y ?  

Purpose of Ques t ion  

Tectonic f e a t u r e s  a s  t o  type, s i z e ,  and per iod of occur- 
rence w i l l  provide information on the evolu t ionary  h i s -  
t o ry  of  t he  moon and what processes have been most a c t i v e  
during any given per iod of l una r  geologic  time. 

Ques t ion  I n t e r p r e t a t i o n  i n  Terms of Measurable Q u a n t i t i e s  

How have luna r  t ec ton ic  processes (volcanism, fo ld ing ,  
f a u l t i n g ,  e t c . )  va r i ed  i n  loca t ion  and a c t i v i t y  during 
the  p a s t  as determined from s t r u c t u r a l ,  topographic, and 
s t r a t i g r a p h i c  r e l a t i o n s h i p s  and the  p re sen t  t e c t o n i c  

D e f i n i t i o n  of Terms 

D i s t r i b u t i o n  of Tectonic A c t i v i t y  (Past)  - The loca-  
t i o n s  and magnitude of t e c t o n i c  a c t i v i t y  i n  r e l a t i o n -  
s h i p  t o  geologic t i m e .  

Tectonic A c t i v i t y  - See Question 4.10 f o r  d e f i n i t i o n .  

Measurement Requirements 

Mea s u r  emen t Technique o f O r b i t  o r  
Parameters Measurements Instruments Surface 

graphic  mapping 
S t r a t i -  Surface geo. N/A S 

u n i t s  Sample a n a l y s i s  (Laboratory) S 
X-ray s i g n a t u r e s  X-ray spec t .  0 

X-ray s o l a r  monitor 0 
Vidicon camera 0 
Surface s o l a r  
wind f l u x  S 

EM s i g n a t u r e s  Multispec.imager 0 
I R  spectrometer 0 
UV-vis e spec  t. 0 

Thermal mapping I R  radiometer 0 

f e a t u r e s  mapping camera 0 
Topographic Topographic Low-med. res 
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Instrument 
Ref. No. 

None 

None 
2 
3 
4 

None 
5 
7 
6 

10 

13 
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Measurement Technique of O r b i t  o r  Instrument 
Parameters Measurements Instruments Sur face  R e f ,  No. 

S t r u c t u r a l  Surface geo. N/A S None 
f e a t u r e s  mapping 

Seismometry Active S None 

Gravimetry Gravimeter S None 
seismometer 

It  i s  assumed t h a t  the metr ic  camera used f o r  LOB 111 
w i l l  be  used f o r  t h i s  quest ion.  
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Question 4.12 

SSB QUESTION 

What has been the d i s t r i b u t i o n  of vo lcanic  a c t i v i t y ?  

Purpose of Ques t ion  

The answer t o  t h i s  ques t ion  would provide information on 
the  r e l a t i o n s h i p  between the su r face  conf igura t ion ,  t he r -  
m a l  h i s t o r y ,  the concentrat ion of h e a t  genera t ing  elements, 
and a l s o  information on t ec ton ic  d i s t r i b u t i o n  t o  volcanic  
a c t i v i t y .  

Ques t ion  I n t e r p r e t a t i o n  i n  T e r m s  of Measurable Q u a n t i t i e s  

What has been the l o c a t i o n  and magnitude of vo lcanic  ac-  
t i v i t y  during any per iod of lunar  geologic t i m e  a s  d e t e r -  
mined by s t r a t i g r a p h i c  u n i t s  and s t r u c t u r a l  f e a t u r e s ?  

Def in i t i on  of T e r m s  

D i s t r i b u t i o n  of Volcanic A c t i v i t y  - The loca t ion  and 
magnitude of vo lcanic  a c t i v i t y  during any given per iod 
of lunar  geologic time. 

Mea s u r  emen t Req u i r  emen t s 
Mea s u r  emen t Technique o f 
Parameters Measurements 
S t r a t i -  
graphic  
u n i t s  

S t r u c t u r a l  
f e a t u r e s  

Crater 
appearance 

Surface geo. 
mapping 
X-ray s igna tu res  

EM s igna tu res  

Thermal mapping 
Surface geo. 
mapping 

Gravimetry 
Topographic 
mapping 

O r b i t  o r  Instrument 
Instruments Surf  ace Ref. No. 
N/A 

X-ray spec t .  
X-ray s o l a r  
monitor 
Vidicon camera 
Surface s o l a r  
wind f l u x  
Mu1 t i spec .  imager 
I R  spectrometer 
U V - v i s  . spec t e 

I R  radiometer 
N/A 
Active 
seismometer 
Gravime ter  
Lo-med. res. 
camera 

S 

0 

0 
0 

S 
0 
0 
0 
0 

S 

S 
S 

0 

None 

2 

3 
4 

None 
5 
7 
6 

10 
None 

None 
None 

13 
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Surface measurements a r e  requi red  f o r  mapping s t r u c -  
t u r a l  f e a t u r e s  and s t r a t i g r a p h i c  r e l a t i o n s h i p s .  

It i s  assumed t h a t  t he  metric photography w i l l  be  used 
f o r  t h i s  ques t ion .  
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Question 4,13 

SSB QUESTION 

What has been the f l u x  of s o l i d  o b j e c t s  s t r i k i n g  the  
luna r  su r face  i n  the  p a s t  and how has i t  v a r i e d  wi th  t i m e ?  

Purpose of Ques t ion  

The determinat ion of t he  approximate number of o b j e c t s  
s t r i k i n g  the lunar  su r face  by s i z e ,  o r i g i n  ( i * e m ,  meteor- 
i t e s  and e j e c t a  ma te r i a l )  and v e l o c i t y  w i l l  a ss i s t  i n  
e s t ima t ing  the o v e r a l l  e f f e c t  t h a t  impacting o b j e c t s  have 
had on modifying and forming su r face  f e a t u r e s .  

Ques t ion  I n t e r p r e t a t i o n  i n  Terms  of Measurable Q u a n t i t i e s  

How has the i m p a c t  c r a t e r  population v a r i e d  with geologic 
t i m e  as determined from c r a t e r  appearance and the  r e l a t i o n -  

s u r f a c e )  materials? 
s h i p  between i u L e L t j r L  k L  ' ..-____ . - - - - -  1 &;-) . and indigenous ( lunar  

D e f i n i t i o n  of  Terms  

- Flux - The number and r a t e  of s o l i d  o b j e c t s  ( fo re ign  
and/or  indigenous) s t r i k i n g  the  lunar  s u r f a c e ,  

Foreign Objects - Any e x t r a  luna r  meteor i te  which i m -  
pac t s  the luna r  su r face  ( i . e o ,  me teo r i t e s ) .  

Indigenous Ob-jects - Material der ived from the lunar  
su r face  and e j e c t e d  by vo lcanic  or  m e t e o r i t i c  explosions.  

Measurement Requirements 
Measurement Technique of O r b i t  o r  Ins  trumen t 
Parame t e r s  Measurements Instruments Surface  Ref. No. 
S t r a t i -  Surface geo. N/A 
g raphic  mapping 
u n i t s  Sample a n a l y s i s  (Laboratory) 

X-ray s igna tu res  X-ray spec t .  
X-ray s o l a r  
monitor 
Vidicon camera 
Surface s o l a r  
wind f l u x  

S None 

None None 
0 2 

0 3 
0 4 

S None 
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Measurement 
Parameters 

S t r u c t u r a l  
f e a t u r e s  

Topographic 
f e a t u r e s  

Technique of 
Measurements 
EM s igna tu res  

Thermal 
mapping 
Surface geo. 
mapping 
Seismometry 

Gravimetry 
Topographic 
mapping 

O r b i t  o r  
Instrument Surface 

Mu1 tispec. imager 0 
I R  spectrometer 0 
W-vis . spec t. 0 
I R  radiometer 0 

N/A S 

Ac t ive  
seismometer S 
Gravimeter S 
Lo-med. res. 
camera 0 

Instrument 
Ref. No. 

5 
7 
6 

7,lO 

None 

None 
None 

13 

The answer t o  t h i s  quest ion w i l l  come p r i m a r i l y  from 
su r face  measurements and observat ions.  
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Question 4.14 

SSB QUESTION 

What has been the f l u x  of cosmic r a d i a t i o n  and high- 
energy s o l a r  r a d i a t i o n  over the h i s t o r y  of the  moon? 

Purpose of Quest ion 

Knowledge of t he  p a s t  high-energy r a d i a t i o n  bombarding 
the moon w i l l  a ss i s t  i n  determining i t s  geologic h i s t o r y .  

Ques t ion  I n t e r p r e t a t i o n  i n  T e r m s  of Measurable Quan t i t i e s  

What evidence i s  the re  on the moon of the  p a s t  i n f l u x  of 
r a d i a t i o n  from ou te r  space? 

D e f i n i t i o n  of Terms  

, 

Cosmic Radiat ion - Very  high-energy charged par t ic les  
W i t h  nigLl-pGL,bi-::'-- - -  n - 7 ~ ~  coming from i n t e r s t e l l a r  
space. 

So la r  Radiat ion - Highly pene t r a t ing  p a r t i c l e s  (protons)  
emit ted from the  Sun by l a r g e  s o l a r  e rupt ions  ( s o l a r  
f l a r e s ) .  

Mea s u r  emen t Requirements 
Mea s u r  emen t 
Parameters Measurements Instruments 
S t r a t i -  Surface geo. N/A 
graphic  mapping 
u n i t s  I s o t o p i c  r a t i o s  (Laboratory) 

of samples 
X-ray s igna-  X-ray spect.  
t u r e s  X-ray s o l a r  

Technique of 

monitor 
Vidicon camera 
Surface s o l a r  
wind f l u x  

O r b i t  o r  Instrument 
Sur face  Ref. No .  

S None 

S None 

0 2 

0 3 
0 4 

S None 
EM s i g n a t u r e s  Mul t i spec .  imager 0 5 

I R  spectrometer 0 7 
U V - v i s  . spec t. 0 6 

e Surface measurements a r e  requi red  t o  answer t h i s  ques t ion .  
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